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This empirical work aims to investigate the impact of using multimodal communication 
metaphors on e-learning systems’ usability, overall user experience and affective state. The study 
proposed a triple evaluation approach to avoid the problem of conventional assessment relying 
only on usability measurements of efficiency, effectiveness and user satisfactions. Usability in 
that sense refers only to the functionality and pragmatic side of the product and neglects other 
aspects of the system. Learning is a cognitive and repetitive task, requiring learners’ attention as 
well as their interest. Therefore, when delivering content, in addition to the pragmatic 
functionality, an e-learning system should provide a constructive overall user experience and 
positive affective state. Doing so will ensure user engagement, facilitate the learning process and 
increase learners’ performance. The impact of using five different communication metaphors was 
evaluated in three dimensions using the proposed approach. Within the usability dimension, the 
evaluation criteria involved measuring system efficiency, effectiveness, user satisfaction and 
learning performance. Within the user experience dimension, the evaluation criteria involved 
measuring pragmatic aspects of the user experience, the hedonic aspects of user experience in 
terms of stimulation as well as identification and the overall system attractiveness. Within the 
affective state dimension a self-assessments manikin technique was used in conjunction with 
biofeedback measurements, and users’ valence, arousal and dominance were measured. The study 
found that system attractiveness and the hedonic user experience had a profound impact on users’ 
learning performance and attitude toward the tested system. Furthermore, they influenced users’ 
views and judgement of the system and its usability. The communication metaphors were not 
equal in their influence within the evaluation criteria. Empirically derived guidelines were 
produced for the use and integration of these metaphors in e-learning systems. The outcome of 
the study highlights the need to use the triple evaluation approach in the assessment of e-learning 
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1 THESIS OUTLINE 
 
 INTRODUCTION  
Because computers affect all aspects of people’s everyday lives, users expect more from 
them than just ease of use or achieving a particular task; they expect enjoyment and 
entertainment. Previous empirical studies [1, 2, 3 and 4] conducted by the Innovative 
Interactive Systems (IIS) research group have used multimodal metaphors such as audio, 
video, earcons, auditory icons, synthesized as well as recorded speech and avatars in         
e-learning interfaces. Like most new applications, the experimental platforms were tested 
for usability, as this has traditionally been perceived as an indicator for system quality 
[5]. Dillon [6] argues that it is clear that usability on its own, at least as it is currently 
understood, is inadequate for ensuring high quality user involvement with a new 
technology. Battarbee et al. [7] also agree that usability is important but that it is not 
sufficient to ensure the success of the system with end users. While usability can help 
people to take advantage of a system’s functionality, usability also needs to open the way 
for fun and more pleasurable experiences. It is crucial to expand the classic usability 
evaluation techniques to include a more holistic set of user experience measures, beyond 
simple task evaluation of efficiency, effectiveness, and satisfaction. More attention must 
be given to user selections, preference, aesthetic feeling, frustration and sense of 
accomplishment. 
 User Experience (UX) is a new term used for system evaluation [8]. The term UX was 
initially introduced by Norman [9] and evolved to go beyond the traditional understanding 
of effectiveness, efficiency and satisfaction. Dillon [6] includes three key elements for 
successful user interaction with the system: 
 Process, paying attention to what the user activities are and how they accomplish 
particular tasks provides clearer understanding of user preferences, navigations 
and system drawbacks. 
 Outcomes, understanding user accomplishment goals gives an understanding of 
what the system does to help the user attain those goals. 
 
2 
 Affect, understanding user interaction, emotional reaction and feeling toward the 
system goes beyond the short-term satisfaction concept of usability 
measurements.  
The International Standards Organization (ISO) defines user experience as “a person's 
perception and responses that result from the use or anticipated use of a product, system 
or service” [10, 11 and 12] proposes extending the definition of user satisfaction to 
include the following elements: 
 Likability, how satisfied the user is with their experience of operating the system 
and accomplishments of pragmatic goals. 
 Pleasure, how satisfied the user is with their achievement of accomplishing 
hedonic goals of motivating, identification and elicitation and accompanying 
emotional reactions [13]. 
 Comfort, to what degree the user is pleased and comfortable while they are using 
and interacting with the system. 
 Trust, to what extent the user is satisfied and confident that the system will behave 
as intended. 
According to Hassenzahl [14] UX differs greatly from usability, because of its emphasis 
on the following factors: 
 The positive aspects of the user system relationship (enjoyment rather than 
frustration). 
 The incorporation of hedonic (non-instrumental) quality aspects of the system. 
 User experience focuses on the subjective side of system usage rather than the 
instrumental side and functionality of it, which is the main concern of usability 
evaluation (objective performance criteria).  
Hassenzahl proposes the integration of user experience and usability in the user centred 
design. From the literature, we have found that usability on its own is not sufficient for 
the success of the system and more attention should be paid to user experience and 
emotion. A more holistic approach should be considered in order for the hedonic and 
pragmatic goals of the user to be met. A triple evaluation approach will be adapted, where 
users’ emotions, experiences, and usability assessment will be examined in order to 
deliver e-learning solutions which are emotionally affective, provide a positive 




Figure 1-1: The proposed triple evaluation approach. 
This thesis empirically investigates the roles of multimodal communication metaphors in 
delivering and promoting an optimized e-learning user experience. The experiment 
carried out is aimed at investigating the impact of using multimodal metaphors such as 
auditory icons, facially-expressive speaking avatars, earcons, classical music, and 
recorded speech, non-multimodal “visual only” in multimodal e-learning interfaces and 
their impact on: 
 Interface usability in terms of efficiency, effectiveness, user satisfaction and 
learning performance. 
 The overall user experience in terms of the system provided pragmatic as well as 
hedonic qualities and attractiveness.  
 The user affective state in terms of arousal, valence and dominance. 
This study is expected to aid in answering the following questions: 
 How effective, efficient and satisfying is each communication metaphor? 
 How affective is each metaphor? 
 How hedonic, pragmatic and attractive is each metaphor? 
 AIMS AND OBJECTIVES  
This research aims to investigate the role of multimodal communication metaphors in 
delivering an optimized e-learning experience in addition to producing                
empirically-derived guidelines for using and integrating various communication 
metaphors in e-learning interfaces. Multimodal communication metaphors investigated 
in this research are, auditory icons, earcons, facially-expressive avatars, classical music 
and recorded speech. The above-mentioned metaphors were tested in two scenarios: 
 A multimodal scenario, where all communication metaphors were merged 










 A unimodal scenario, where five conditions were created, with each condition 
dominated by a single communication metaphor and used to deliver a selected 
learning topic.  
 The aim of this investigation was to evaluate the impact of utilizing such 
communication metaphors on the overall e-learning user experience concerning, 
system efficiency, effectiveness, hedonic quality, pragmatic quality, 
attractiveness, and user satisfaction as well as users’ learning performance and 
affective state. 
To fulfil the stated research aims two experimental studies were designed and executed. 
In the first study, the overall e-learning user experiences of two e-learning conditions 
were examined and evaluated. The first condition was controlled and referred to as a    
non-multimodal condition (NMMC). This condition included only text and graphics 
(visual only). The second condition was an experimental condition and was referred to as 
a multimodal condition (MMC). The multimodal condition employed the following 
communication metaphors “auditory icons”, “facially expressive avatars”, “earcons”, 
“classical music”, “recorded speech”, in addition to texts and graphics. Both conditions 
were used to deliver similar learning topics with matching length and level of complexity. 
Within-subjects testing technique was adopted for the whole study. Each user tested both 
conditions and after going through each condition users were requested to perform recall 
and recognition tasks with comparable complexity levels (easy, moderate and difficult). 
The second experimental study separated the metaphors used by the multimodal platform 
in the previous study. The aim was to determine the impact that each metaphor had on the 
overall perceived enhancements. The study was conducted using a new platform with six 
conditions, presenting related learning topics with similar length and degree of 
complexity; each condition was designed and built to be dominated by only one 
communication metaphor and each condition was named after its dominating metaphor. 
 OVERALL HYPOTHESIS 
Multimodal communication approach in e-learning platforms will enhance the overall     
e-learning user experience in comparison with non-multimodal approaches. Furthermore 
evaluating multimodal metaphors using a combined evaluation approach to assess the 
effectiveness, efficiency, satisfaction, hedonic quality, pragmatic quality, attractiveness, 
valence, arousal, and dominance will result in a better understanding of how to utilize 
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such metaphors in order to optimize the overall e-learning user experience. The adapted 
research method involved a literature review and two experimental studies with subjective 
and objective assessment techniques; the techniques included using questionnaires, 
observations and biofeedback measurements. The data related to usability measurements 
(effectiveness, efficiency, user satisfaction and leaning) was collected using observation 
and questionnaires. The data related to user experience (hedonic quality, pragmatic 
quality and attractiveness) was obtained using a subjective technique utilizing AttrakDiff 
instrument [15]. Affective state data was collected using subjective as well as objective 
techniques including SAM scale [16] (for measuring valence, arousal, dominance ) and 
biofeedback device (using QSensor from Affectiva) [17] (for measuring changes in skin 
conductance and temperature). 
 RESEARCH METHOD  
Within the scope of this empirical research, the users were undergraduate and 
postgraduate university students from various schools. All of them were first-time users 
of the tested platforms and the data collected in each experimental session was analysed 
and discussed (it is crucial to mention here that the results obtained were content 
dependent on the material presented to the users) and finally a main conclusion was 
formulated. Accordingly, a set of empirically-derived guidelines and recommendations 
were produced for evaluating and using multimodal communication metaphors within     
e-learning interfaces. These guidelines are aimed at helping practitioners, designers and 
developers to deliver an optimized e-learning user experience. The proposed investigation 
model is illustrated in Figure 1-2 and the research method is delineated in the following 
subsections.  
 Literature Survey 
The initial phase was to review the literature related to the research area, including the 
history of e-learning, e-learning systems, pedagogical principles, multimodal interaction, 
usability principles, user experience principles, user affective state and biofeedback 
(Chapter 2). 
 First Experiment 
The first experiment was conducted to evaluate a non-multimodal e-learning condition, 
in comparison with a multimodal e-learning condition, within three areas including 
usability measurements (effectiveness, efficiency, user satisfaction and learning 
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performance), user experience measurements (pragmatic quality, hedonic quality and 
attractiveness) and user affective state (valence, arousal, dominance, changes in skin 
conductance and temperature). The outcome of this experiment was the basis for the next 
experimental phase (see Chapter 3). 
 Second Experiment  
This experiment was designed to separate the communication metaphors used in the first 
experimental phase and investigate the impact of each metaphor on the enhancements 
perceived in the first experiment. The evaluation criteria included usability measurements 
(effectiveness, efficiency, user satisfaction and learning performance), user experience 
measurements (pragmatic quality, hedonic quality and attractiveness) and users’ affective 
state (valence, arousal, dominance, changes in skin conductance and temperature). This 
experiment can be found in Chapters 4, 5 and 6. 
 
Figure 1-2: The proposed investigation model. 
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 Conclusions, Empirically-Derived Guiding and Recommendations  
This is the final chapter in which the findings are discussed, recommendations and 
empirically-derived guiding principles for integrating multimodal metaphors in                   
e-learning interfaces are produced. These guidelines are expected to help in providing and 
optimizing e-learning user experience (Chapter 7). 
 THESIS CONTRIBUTION 
These research findings contribute to the literature in the fields of e-learning, multimodal 
and human computer interaction (HCI). The contributions of this thesis are summarized 
in the following points: 
 It presents a novel evaluation technique via a “triple evaluation approach” for 
assessing communication metaphors and multimodal user interfaces. This 
approach involves usability, user experience and affective state measurements. 
 It provides empirically derived guidelines and recommendations for employing 
communication metaphors in e-learning and multimodal interaction interfaces. 
 The presented evaluation approach used here could help e-learning and 
multimodal application developers to deliver an optimized and positively 
affective user experience. 
 THESIS STRUCTURE 
The thesis is divided into seven chapters and a number of appendices. The subsequent 
sections refer to them (see Figure 1-3 for a quick summary).  
 Chapter 1: Introduction 
This section provides an insight into the entire thesis and highlights the reviewed literature 
as well as the research hypothesis. It also describes the research methodology, the 
experimental work performed in addition to results and conclusion.  
 Chapter 2: Literature Review 
This chapter offers an insight into the subject of e-learning, previous work, systems, 
concepts and pedagogical practices, multimodal metaphors, human computer interaction 
(HCI), usability evaluation, user experience and affective state. 
 Chapter 3: Experimental Phase I 
This chapter describes, in detail, the empirical work performed in the first experiment. 
The study employed a within-subjects design to evaluate an e-learning platform with two 
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conditions; a non-multimodal (control condition) was compared to a multimodal 
condition (experimental condition). The experiment involved 30 users who tested both 
conditions. The aim of the experiment was to evaluate the tested conditions with regards 
to usability measurements (effectiveness, efficiency as well as user satisfaction and 
learning performance), user experience measurements (pragmatic quality, hedonic quality 
and attractiveness) and users’ affective state (self-assessment and changes in users’ skin 
conductivity and temperature) while interacting with the e-learning platforms. The 
experiment paved the way for the next experimental phase. 
 Chapters 4, 5 and 6: Experimental Phase II  
This experimental phase involved an e-learning platform with six conditions (including 
five experimental conditions and one controlled). This phase involved a group of 33 new 
user (they were randomly selected). The study used a within subjects design where each 
user tested all the experimented conditions. The aim of this empirical work was to 
investigate the impact each communication metaphor had on the perceived enhancements 
within the first experimental phase; the assessment criterion includes: 
 Usability evaluation (in terms of effectiveness, efficiency user satisfaction and 
learning performance). 
 User experience evaluation (in terms of pragmatic as well as hedonic qualities 
and attractiveness).  
 User affective state evaluation (in terms of their emotional valence, arousal, 
dominance as well as skin conductance and temperature). 
 This experiment is expected to reveal the role each communication metaphor 
could play in delivering an optimized e-learning experience. 
 Chapter 7: Findings, Empirically-Derived Guidelines and 
Recommendations 
This chapter provides a summary of the empirical investigation performed in this 
research, research findings along with empirically derived guidelines and 
recommendations in addition to the limitations and proposed future work to extend this 
research. 
 Appendices 
The appendices are divided into three sections and presents pre. and post. experimental 
shared evaluation items in addition to users’ inputs and the collected data for the 
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experimental sessions in relation to usability as well as user experience and affective state 
measurements. 
Thesis Structure and the Experimental Phases Performed in This Study 
 
Figure 1-3: Thesis structure and the performed experimental phases. 
  
Chapter 2: Literature review  
E-Learning, Multimodal interaction, usability, user experience and affective state 
Chapter 3: Experimental phase I 
An experimental investigation into the use of multimodal Metaphors in eLearning Platforms 
One group (N=30) within Subjects Study 
Multimodal vs. Non-Multimodal 
----------------------------------------------------------------------------------------------------------------  
Usability, User Experience and Affect Evaluations 
  
  
Chapter 4: Experimental phase II 
An experimental investigation into the use of multimodal Metaphors in eLearning Platforms 
One group (N=33) within Subjects Study 




Chapter 7: Conclusion and empirically-derived guidelines  
Main conclusion and empirically derived guidelines  
for evaluating and using multimodal metaphors to deliver an optimized eLearning user experience  
Chapter 5: Experimental phase II 
An experimental investigation into the use of multimodal Metaphors in eLearning Platforms 
One group (N=33) within Subjects Study 
Comparing interaction modalities (Auditory Icons, Facially expressive avatar, Earcons, Music, 
Recorded Speech) 
---------------------------------------------------------------------------------------------------------------  
User Experience Evaluations 
  
Chapter 6: Experimental phase II 
An experimental investigation into the use of multimodal Metaphors in eLearning Platforms 
One group (N=33) within Subjects Study 
Comparing interaction modalities (Auditory Icons, Facially expressive avatar, Earcons, Music, 
Recorded Speech) 
---------------------------------------------------------------------------------------------------------------  










This section offers an overview and analysis of the literature in relation to the scope of 
the research area, Figure 2-1 encapsulates the main points covered in this review. 
 
Figure 2-1: Main points of the literature review. 
 E-LEARNING 
Increased computing power and communications’ speed in addition to the extensive use 
of information and communication technologies (ICT) as well as the emergence of the 
World Wide Web, have transformed the way people conduct their daily activities; it has 
changed their way of buying goods, seeking medical advice, making flight reservations, 
finding friends or learning new skills. Furthermore, nowadays there are more individuals 
than ever before connected to the global network. Both public and private organizations 
are trying to capitalize on these technologies to reach their targeted audiences, not only 
to be more effective but also to survive in this knowledge-competitive era. One of the 














































there is a greater need for innovation along with creativity to meet the increasing demand 
for the creation, sharing and delivery of knowledge.  
e-learning has fundamentally changed the way we think of education and learning and 
has evolved from being a mythical concept to being a main facility offered by schools 
and universities, as well as taking its place in future business plans for corporate training  
[18]. E-learning is emerging in different scenarios either as a standalone solution or as a 
complementary addition to lifelong learning and distance learning [19] and the e-learning 
market is growing gradually with an annual growth rate of 35.6% [20]. In recognition of 
the contribution of e-learning to greater knowledge retention, leading technology firms 
such as IBM and CISCO are building and developing a vast range of e-learning programs 
in both the public and private sectors. Advanced Distributed Learning [21] mentioned a 
couple of studies [22 and 23] indicating that, typically e-learning could save 30% of the 
time required to reach targeted instructional goals and increased students’ skills.                 
E-learning could save billions worldwide spent on conventional teaching methods and by 
freeing students from a classroom-restricted timetable and place, e-learning provides 
learners as well as instructors with the most flexible solution for interacting to acquire 
and share knowledge. 
 What is E-Learning?  
According to Tavangarian et al. [24] e-learning refers to “all forms of electronic-
supported learning and teaching, which are procedural in character and aim to influence 
the construction of knowledge with reference to individual experience, practice and 
knowledge of the learner. Information and communication systems, whether networked 
or not, serve as specific media to implement the learning process”. Sun et al. [20] refer 
to e-learning as utilizing information and communication technology for delivering 
educational materials in real time or asynchronous manner liberating the user from time 
and location boundaries, while Cohen et al. [25] refer to it as the use of various web 
technologies to support education. Wiley [26] provides a broad definition of e-learning 
as the practice of using computers or electronic systems to support the learning process 
in a systematized way. According to the ASTD (American Society for Training & 
Development, 2001) the term e-learning covers a variety of applications and practices 
which include computer-based training (CBT), virtual classrooms, online learning, online 
teamwork and collaboration. Furthermore, e-learning refers to the use of electronically 
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conveyed learning resources through electronic means such as the internet, satellite 
signals, DVDs and CD-ROMs. Effective e-learning is defined as the result of a proper 
combination of content (considered to be the main player in the success of building 
learning and knowledge) and technology, alongside services; it is used to convey 
knowledge and skills [27]. 
 Benefits of E-Learning  
Some of the advantages and benefits accomplished by e-learning are as follows: 
 Financial savings is a critical element in the adoption of e-learning [28]. For 
instance, the cost of running traditional classrooms includes paying lecturers’ 
salaries, building rentals, maintenance, student accommodation, living and travel 
costs.  
 Reducing learning time, Brandon Hall [29] suggests that e-learning can decrease 
the required learning time by 40% to 60%. 
 According to Fletcher [28] e-learning helps improve knowledge retention and 
application to a task by an average increase of 25% more than conventional 
approaches. 
 Self-managed and unlimited time learning approach [30].  
 Efficiency and convenience. 
 Professional skills and knowledge attained is consistently delivered without time 
or place restrictions [31]. 
 Self-managed learning for students with different learning abilities reduces 
tension and increases learning goal fulfilment.  
 Interactive learning engages students and improves knowledge retention. 
 Availability of timely accessed and consistently updated references helps learners 
to master their field [32]. 
 e-learning when used in group scenarios has been found to increase collaboration 
among students [33]. 
 Limitations of E-Learning  
According to Kruse [30] there are a number of limitations and concerns for instructors 
and institutions: 
 A huge initial investment cost is required in order to start an e-learning program 
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 Technology is a crucial player in the victory of any e-learning program. Technical 
factors such as existing technology infrastructure and its suitability to achieve 
instructors’ as well as learners' needs, have to be considered to determine whether 
the required investment is justified. 
 Suitability of the available e-learning materials to achieve the desired learning 
goals. 
 Cultural and social acceptance of the use of technology as a platform for Learning  
 Technophobia and unattainability of the required technologies to support                 
e-learning [20].  
 Technology portability is still unable to beat the popularity of printed workbooks 
or reference material.  
 Lack of human interaction as well as peer-to-peer communication is a possible 
drawback to the adoption of technology-based learning.  
 Some instructors do not possess the necessary knowledge and skills to design and 
build the required e-learning platforms [34]. 
Expanding e-learning to higher education according to Vrasidas [35] is hindered by 
some obstacles: 
 Lack of experience in planning and designing online instructions. 
 E-Learning lacks the face-to-face traditional classroom communication and that 
is a big concern for instructors. 
 Lack of standardization.  
 Lack of expertise and the required technical infrastructure.  
 Instructors are overloaded by their teaching duties and do not have the time to 
plan and build e-learning platforms.  
 There are no incentives or motivations for instructors to teach online. 
 E-Learning Pedagogy  
Thorndike et al. [36] explain that pedagogy has a Greek origin and is derived from the 
words “peda” = “child” and “agogos,” = “study of”; therefore, pedagogy is defined as 
the skill and discipline of teaching children. Conventionally pedagogy describes teacher 
oriented instruction; however, the term has recently been used to describe fine education 
practice (which involves “andragogy”). According to Nichols [37] andragogy refers to 
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the theories and practices of adult learning. Holmes et al. [38] state that there is a great 
deal of debate about the two terms. The pedagogical teaching model is concerned with 
content, transfer of knowledge, educator selections and predetermining what knowledge 
or skill needs to be conveyed; furthermore it entails the arrangement of contents into 
rational units and choosing the most efficient mode for transmitting this content, for 
instance lectures, reading lists, lab exercises and so on. In contrast to that, the 
andragogical model is concerned with supplying resources as well as assisting learners to 
attain knowledge and skills. It also enables educators to work as facilitators, construct a 
set of techniques for attracting learners and detect learning needs in addition to program 
goals and contents. Nichols [37] insists that e-learning will only flourish by adhering to  
pedagogical principles and argues that it is better for the success of any e-learning 
program’s implementation to be led by instructional designers instead of technical 
developers. Mehanna [39] suggests that pedagogical principles have been abandoned by 
e-learning specialists and as a consequence of that e-learning has been unable to reach its 
real potential. In a bid to overcome this issue, e-learning experts, practitioners and 
developers should follow pedagogical principles as they have been widely accepted and 
recognized in the conventional classroom environment. 
 E-Pedagogy 
Space and time are recognized by many instructors and educationalists as an asset for the 
conventional teaching environment. The introduction of e-learning as a complementary 
or additional conveyance system for old-fashioned pedagogy as an alternative to being an 
instrument for building novel pedagogy is still controversial. Kuriloff [40] argues that 
conventional learning environments provide crucial advantages for learners and 
instructors alike. The advantages include real time interaction, face–to-face contact, as 
well as peer-to-peer collaboration; however, the absence of those possibilities is 
considered a disadvantage of the e-learning environment. On the other hand, time and 
place constraints are considered a disadvantage of the traditional classroom and that is 
where e-learning could fill the gap by providing anywhere, anytime convenience and an 
effective learning solution. Kuriloff makes some recommendations for fruitful ePedagogy 
in e-learning solutions: 
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 e-learning programs should aim to build a highly positive and motivating learning 
environment which encourages independence and promotes high learning 
prospects.  
 Teaching should be conducted in a collaborative manner. 
 A collaborative space should be created which encourages students to work 
together and promotes peer reviews. 
 The instructor’s role in the learning process has to be redefined to meet the needs 
of the e-learning environment. 
 E-Learning communities should be established to promote discussion between 
students and peer reviews to make up for the lack of face-to-face interaction of 
the conventional classroom. 
 The freedom offered by the e-learning environment should be highlighted, in 
which students and educators can perform their work without the restriction of 
time and space whenever it is convenient to them. This is one of the most powerful 
and appealing features offered by e-learning.  
 MULTIMODAL INTERACTION 
While considering the use of multimodal interaction in the computing environment, it is 
beneficial to reflect and ask, what does metaphor mean? According to the Oxford 
Advanced Learning Dictionary [41] “the particular way in which something exists, is 
experienced or is done (formal)”, “the kind of senses that the body uses to experience 
things (biology)”. According to Jaimes et al. [42] in computing, a multimodal system in 
simple terms is any system capable of communicating, using more than one single 
metaphor and communication channel, for instance, voice, body language, gaze, etc. 
Commonly used unimodal user graphical interface elements such as menus, icons and 
scrollbars, are not up to the potentials of modern computing capabilities and do not 
conform to the natural multimodal communications approach used by humans to 
communicate and interact. Previous research suggests that using conventional input 
methods mostly, using a mouse and keyboard with Graphical User interface, has 
dramatically reduced interaction between users and computers and confused their visual 
channels [43]. In addition, it has increased their cognitive load [44 and 45], that goes 
against the natural way that humans communicate and exchange information. Naturally 
humans use other communication channels and senses in conveying and receiving 
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information [46]; they might communicate verbally using speech or non-verbally by other 
metaphors such as body language, facial expressions, gaze and body language. The trends 
of designing modern interfaces tend to be interactive and multimodal in nature. This move 
aims to achieve natural communication approaches between humans and computers. 
From the nature of the evolving interfaces, there are two main recognizable categories of 
interface; one focuses on alternative input means and the other is concerned with 
combining interface input and output methods [47].  
The improvement gained from using multiple input metaphors is seen as increased 
usability; the weaknesses of particular metaphors are covered up by the strengths of 
others. For example in a scenario where a mobile gadget is used with a minor GUI and a 
tiny keypad, it is quite difficult to type so it would be easier to say the words instead; 
however in another scenario in a noisy environment it would be better to type or use a 
pointing device instead. Multimodal interfaces utilize human communication channels to 
facilitate HCI, with the aim of making them flexible, effective, efficient and transparent 
[47]. Multimodal systems are anticipated to be accessible, easy to navigate and win users’ 
preference. They are capable of growing computing applications into new areas, touching 
people’s lives and accommodating their various needs [48]. Recent research with 
empirical experiments has shown that the merging of visual and auditory metaphors could 
improve the effectiveness and efficiency of the e-learning interface [2 and 3].  
 The Cognitive Theory of Multimedia Learning (CTML) 
This theory hypothesises that learning instructions built and designed in accordance to 
the way human cognition works will be more beneficial and help improve students’ 
learning performance [49]. The CTML theory is constructed using three cognitive 
principles (for the conceptual model of CTML theory, see Figure 2-2): 
a. Human procedure for processing information is a cognition process, which makes 
use of a dual-channelled system, the first for auditory “verbal” information, and the 
second for visual “pictorial, non-verbal” information. 
b.  Each channel is limited in its capacity. 
c. Active learning takes place when the channelled information goes through a series 
of cognition processes, involving information coordination and integration. 
The theory suggests that active learning involves a chain of cognitive processes [27]:  
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 The initial process starts when the student picks out images and words (auditory 
or visual) relevant to the presented learning topic. 
 Then the relevant data is channelled from the sensory memory (through the 
visual channel and the auditory channel) to the operational memory where it is 
processed and cohesively organized into visual model and verbal model. 
 The next stage is to incorporate the resulting models with preceding knowledge 
and experience “stored previously in long-term memory” [49]. 
 
Figure 2-2: The CTML conceptual model (based on Mayer [49] work). 
Adopting this theory for multimodal interaction could be useful for gaining optimal 
results, when presenting learning materials. Instructors as well as courseware developers 
should utilize the visual and auditory channels when delivering the intended knowledge 
and avoid flooding the visual channel as that will delay or halt the cognition process [27].  
 Multimodal Metaphors 
 Auditory icons 
These can be defined as concise sounds used to symbolize objects, meanings, and 
activities. They make use of preceding user experiences with naturally occurring sounds 
and their associations, they are comparable to visual icons used in graphical user 
interfaces to present information in an easy and simple fashion [50].  
In line with the pictorial system’s capacity to represent various attributes simultaneously, 
such as colour, form, size etc., the auditory system attributes include “pitch, loudness, 
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frequency, timbre and so on”. Auditory icons are abstract and easy to grasp [51]; similarly 
they can be mapped to encapsulate objects, events and actions to be presented directly or 
indirectly to the aimed event [52]. For instance, the sound of breaking glass can be used 
to represent an earthquake. According to Walker [53] “The directness or auditory 
similarity between the icon and the actual object can vary considerably”. Provided it 
stimulates the sound associated with an object or act it is deemed an auditory icon. The 
utilization of auditory icons in computer applications is to some degree limited [54] but 
auditory icons are quite useful in demonstrating real environmental objects. 
 Earcons 
Earcons can be described as abstract, synthesized sounds composed by combining 
patterns of sounds, as well as music tones arranged in an organized and structured manner. 
They communicate non-verbal acoustic messages. Brewster et al [55] describe them as 
“composed of motives, which are short, rhythmic sequences of pitches with variable 
intensity, timbre and register”. Blattner et al. [50] suggest a tree like hierarchy of earcons, 
with each earcon representing a node and inheriting the upper ranking earcons’ attributes. 
Brewster et al. [56] propose a maximum of five ranks to this branched system; this 
variation is attributed to five elements:  
1. Rhythm refers to the arrangements of timely sounds and silences, the division of a 
space of time into a defined, repeated pattern. Rhythm is the controlled movement of 
music in time. It may be defined as the division of music into regular metric portions; 
the regular pulsation of music” [57]. 
2. Pitch, refers to the subjective perception of the lowest and highest frequency of sound 
waves; it outlines the position of a tone in relation to others, resulting in the listener 
having the sensation of being with lower or higher frequency [57]. 
3. Timbre, describes the sound quality of a voice or an instrument; furthermore it can be 
described as the element of a tone making musical instruments sound different while 
playing the same musical note [57]. 
4. Register, refers to relative height or range of an instrumental sound or voice. Typically 
registers are well-defined by a variation in the sound quality among higher and lower 
ranges [57].  
5. Dynamics is used as an indicator of relative loudness or softness (Cole and Schwartz, 
2012). There are two basic signs used to indicate sound dynamicity, piano (p) = “soft” 
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to indicate softness and forte (f) = “loud” to indicate loudness. The signs can be 
doubled or tripled to indicate different degrees of softness or loudness. For instance 
“pp” = “very soft” and “ppp” = “very, very soft”. For moderate degrees of loudness 
the symbol mezzo (m) = “moderate”; for example mp= “mezzo-soft” and mf = 
“mezzo-forte” [58]. 
Assembly, adjusting one or more of the above-mentioned earcon elements can be used to 
create structured and enriched audio messages. For instance, icons are utilized in some 
user interfaces for delivering warning messages, such as in the case of file deletion or 
alerting the user to a particular event. The established connection between objects and 
their corresponding earcons is metaphoric in nature [54]. For instance, demonstrating a 
process being executed, such as file deletion, is achieved by an earcon constructed using 
“three-note” notation with declining pitch and loudness. Nearly all earcons poses a 
symbolic relation between the information they symbolise and their sounds. Creating 
earcons and mapping them to particular objects still lacks standardization. Furthermore, 
they are merely judged by the personal preference of their composer and learning their 
connotations by users might require a considerable period of time.  
In their study on the effectiveness of adding earcons to user interfaces, Brewster et al. 
[56] proposed a set of recommendations to improve the recognition of earcons based on 
their attributes: 
 Recommendation for using timbre, simple tones should be avoided and different 
timbres should be used because they are easily distinguished [56]. 
 Recommendation for using pitch, pitch must not be employed as the only pointer 
to differentiate two earcons, as it is difficult for the audience to recognise the 
difference in this way. It is more practical to combine structured pitch with variety 
of rhythms. The maximum proposed range of pitch is (5kHz) and the minimum is 
in the range of (125Hz to 150Hz) [56]. 
 Recommendation for using register, the case of register is similar to pitch; 
therefore, it should never be used on its own to distinguish earcons. For optimal 
results, register should be combined with other dimensions of sound to attain good 
recognition rates. 
 Recommendation for using rhythm, Patterson [59] states that sounds with 
comparable rhythms are most likely to be confusing to the listener. Consequently, 
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it is crucial to separate different earcons by making their rhythms different. 
Additionally, to increase recognition rate between earcons, it is better to use 
earcons with a diverse number of notes in every rhythm. 
 Recommendation for using intensity, designers are advised to use an intensity rate 
of 15dB above threshold; hence, if the user alters the system’s sound volume, then  
the sounds will not vanish [59]. This is because perceiving loudness varies from 
one person to another; in an auditory interface, the audience member must always 
exercise complete control of the sound level. Therefore, it is crucial to maintain 
earcons’ intensity, within a close range.   
 Recommendation for earcon combinations, when two earcons are displayed in 
sequence, it is recommended to use a gap between them; this is to help the 
audience tell when one earcon starts and when it ends. As recommended by 
Brewster, a 0.1 second interval should be used. 
 Speech 
The most natural way to present an object is through speech. On the other hand, using 
spoken words to introduce objects has some complications: 
 Bandwidth issue, speech is known for its low bandwidth; pronounced words or 
expressions are more challenging to be spatially localized than a sound with a 
greater bandwidth such as music [53]. 
 Processing issue, the human brain needs to expend a considerable amount of 
mental effort and concentration to process speech. For instance, it tends to be quite 
difficult to receive spoken messages while concurrently having a dialogue with 
another person. 
 In contrast to earcons and auditory icons, creating speech sounds is a 
straightforward and simple process using recorded speech or text to speech 
engines, such as Microsoft Speech API [60]. 
 Music 
Music is a universal culture [61], the definition of the word “music” in English is a “vocal 
or instrumental sound (or both) combined in such a way as to produce beauty of form, 
harmony, and expression of emotion” [62]. This clearly links music to our emotional 
experiences; most human activities are associated or have emotional consequences; this 
is because we were designed to provoke emotions [61]. Emotions envisioned by a music 
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composer are usually recognized appropriately by humans as young as three years of age. 
Music could be used by researchers to induce emotional experience in users [63].  
Previous research has shown that measuring elicited positive and negative emotions 
triggered by music had up to 95% measurement accuracy [64]. Music can be used to 
induce excitement [65], change behaviour and effect the memory [66]. Listening to 
Mozart’s orchestral music has been seen to help students with special learning needs 
improve their coordination skills, reduce frustration and has produced a noticeable 
improvement in their behaviour [67]. Kämpfe et al. [68] suggest that listening to 
background music induces a positive emotional influence and improves sport 
performance in adults. Adding music metaphor in the background could be beneficial to 
the student [69]. 
 User embodiment and avatars 
The Oxford Advanced Learner's Dictionary [70] describes an avatar as “a picture of a 
person or an animal that represents a particular computer user, on a computer screen, 
especially in a computer game or chat room”. The term “avatar” was used for the first 
time in the 1980s within the virtual reality (VR) world habitat system and gained publicity 
through the science fiction novel “Snow Crash” by Neal Stephenson [71]. Since then 
developers and researchers of VR have produced a variety of definitions for the term. In 
summary those definitions briefly describe an avatar as a symbol of a user’s character 
contained by a computerised environment [72] and is being progressively utilized in 
computer-based training programs [73]. An avatar acts as an interface, linking users with 
system resources; it could be used to present a component or a function in e-learning 
applications. An avatar enriches system interactivity [74]. Undoubtedly, avatars could 
help improve learners’ interactivity and engagement [75]. Humans communicate verbally 
or non-verbally, using their bodies to deliver instantaneous, continuous and focused 
information about their behaviour, actions, presence, cognition, readiness, humour, 
location, personality, experiences and several other aspects in what is called body 
language [76]. The subject of avatars or user embodiment is evidently vital for planning 
and building a collaborative virtual world [77].  
Types of avatar 
Avatars can be classified according to their shape into humanoid and cartoon avatars [78]: 
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 Humanoid avatars normally resemble real human beings to a greater or lesser 
extent. They usually include a human face and a full human body and may or may 
not have similarities with the real user. When using humanoid avatars the user has 
a realistic and lucid exemplification in the simulated environment; they can 
change the way they look by altering outfits and accessories and the presentation 
can also have an evolving personality [79]. 
 Cartoon avatars are cartoon characters, which have specific cultural significance. Rather 
than relying on childhood cartoon figures, some adults choose cartoon avatars of a more 
stylish and fictional look. 
Advantages of using avatars in e-learning interfaces 
According to Oestreicher et al. [80], using avatars provides the best of face-to-face 
training and, combined with computer-based training, reduces the cost of human training. 
Avatars may offer a human touch that some students find an effective substitute for 
instructors who may not be available due to time or location restrictions; the following 
are some direct advantages of using avatars in a learning environment: 
 Interaction with avatars motivates students.  
 In contrast to a human tutor’s limited accessibility, it is always available and not 
restricted by the burdens of time, space or location. 
 Makes learning fun and interesting. 
 Increase learners’ engagement. 
 Achieves higher rates of task completion and reduced dropouts. 
 EVALUATION METHODS  
The main goal of multimodal interaction is to increase usability which refers to the ease 
of use of the system and should be regarded as one of the main components of the system 
development life cycle [81].  
 Usability 
Usability as an objective of quality is well defined by the International Standard 
Organization (ISO) in its recommendation ISO 9241-11 as “the extent to which a system 
can be used by specified users to achieve specified goals with effectiveness, efficiency and 
satisfaction in a specified context of use” [82]. In ISO/IEC 9126 which are product-
intended standards, usability is conceived as an autonomous influence to software quality 
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and recognized as “a set of attributes of software which bear on the effort needed for use 
and on the individual assessment of such use by a stated or implied set of users” [82]. 
Usability insists on quality and places users and their actual needs at the centre [83]. 
Usability is widely considered as a vital aspect of the over-all quality of interactive e-
learning applications[81]. According to Nielsen [84], It is important to realize that 
usability in user interfaces is commonly connected to five elements (see Figure 2-3): 
 
Figure 2-3: Usability Attributes (taken from Nielsen [84]). 
 Learnability, for novice users of new systems, ease of learning the way that the 
system functions is an essential usability attribute. This is due to the fact that a 
user’s first experience will be learning how to use the system. 
 Efficiency, once users become familiar with the system, they should be able to reach 
the intended productivity. 
 Memorability, system functionality has to be easy to remember, so that after some 
time of non-use, a returning user should be able to use the system again effortlessly. 
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 Minimizing fault rate, the system must be capable of preventing users from making 
serious errors; furthermore, in case they make small mistakes, the system should be 
able to help users fix them without any difficulty. 
 Satisfaction, to what degree users are happy with the system. They must be satisfied 
with it and in addition, it should increase their productivity and increase the system 
acceptance. 
 Designing for usability 
The aim of e-learning software is to support the process of acquiring knowledge. 
Therefore it is crucial to consider the way scholars carry out their learning activities in 
addition to giving them a proper and natural means of interacting with the system as much 
as possible[85].  
ISO 9241-11 (1998) states that “usability is the extent to which a system can be used by 
specified users to achieve specified goals with effectiveness, efficiency and satisfaction in 
a specified context of use”[86]. Failing to recognize the importance of usability when 
building e-learning coursework can form obstacles as well as challenges for the learners 
that fall beyond the difficulty of the content or subject matters [87]. They can be occupied 
with learning how to use the courseware instead of learning the intended critical topics of 
the course [88].  
Usability should be seriously considered as failing to do so leads to a poor usability design 
which can result in considerable negative impact on task completion rates and success 
scores [6]. The traditional Software Development Life Cycle (SDLC) has a number of 
models for this development process but usability is not considered [81] and by looking 
into the traditional waterfall model it is noticed that testing is left until the final stages of 
the development process. According to Ferré, Juristo et al. [89] designing for usability in 
initial stages leads to enhanced system usability and eliminates the necessity for 
conducting further tests in the final stages when it is too expensive to make drastic 
changes [87, 90]. Usability should be contained within SDLC (see Figure 4-2) Shows a 
revised waterfall life cycle. Grey boxes (1, 2 and 3) are added to include usability, while 
white ones refer to the classical model. Adopting the usability testing techniques in SDLC 
within the early stages in software developments increases efficiency, satisfaction and 




Figure 2-4: Usability and the waterfall model (taken from [81]). 
 Usability Evaluation  
Usability has a crucial part to play in carrying out the successful implementation of            
e-learning applications[91]; therefore it is vital to conduct a usability evaluation test. 
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Testing aids in finding the usability level of the interactive application and determining 
whether the design works and lives up to its promises [89]. The context of system real 
use should be identified in order to be able to carry out valid and accurate testing [82]. 
The usability evaluation process normally makes use of qualitative data from user 
comments combined with quantitative data and compares them with the formerly pre-set 
usability objectives [92]. 
 User experience 
User experience (UX) is a new term being introduced for system evaluation [8]. It is seen 
as a result of computing involvement in all aspects of everyday lives; users expect more 
than ease of use or achieving a particular task, they expect enjoyment and entertainment. 
The term UX, was initially introduced by Norman [9, 93], it has evolved to extend far 
beyond the conventional usability measurements of effectiveness, efficiency and the 
traditional concept of satisfaction. The definition provided by ISO for user experience is 
“a person's perception and responses that result from the use or anticipated use of a 
product, system or service” [10]. UX is gaining increased interest even though there is 
some confusion between the UX and usability [94]. 
 Usability vs User Experience 
While some experts have tried to differentiate between UX and usability, others have tried 
to eliminate the borders between them. In both theory and practice user experience and 
usability are interrelated and usability is incorporated in user experience evaluation 
methods [95]. While usability is task performance oriented, UX is concerned with lived 
experiences [96]. Usability evaluation methods are objective and focus on measured 
results such as task completion time and the number of correctly-performed tasks and 
those which do not satisfy the subjective UX [97].Despite the fact that satisfaction in 
usability is subjective in nature and perceived as part of UX, it is only a small pixel in the 
big picture of UX, which responds to a wide range of other subjective merits such as 
attractiveness and hedonic and pragmatic qualities. For instance the user’s enthusiasm 
and anticipation makes a greater contribution to UX than in the conventional concept of 
usability [98]. Dillon [6] argues that it is clear that usability on its own, at least as it is 





Beyond Traditional Usability Concepts 
Aspects Usability  UX 
Holistic  Usability in outlining 
perspective of use stresses 
performance in addition to 
user satisfaction and their 
accomplishment. 
 UX adapts a holistic approach, 
aiming at balancing two aspects of 
the system:  
 Task-focused approach 
(concerned with pragmatic side 
of the system). 
 Non-task focused approach 
(concerned with the hedonic 
side of the system) including 
aesthetic aspects, stimulation, 
attraction, beauty, challenge, 
and expressing user identity. 
Subjective  Usability driven by 





 Efficiency (times and 
error). 
 UX is more motivated by users’ 
subjective feelings and their 
perception of interacting with the 
system. 
Objective  Usability uses a problem 
solving approach for 
improving them. 
 UX methodology of improvements 
lies in paying more attention to the 
positive context of use and how to 
capitalize on them to make the use 
of the system a happy, enjoyable, 
and engaging experience. 
 
Table 2-1: User experience beyond traditional usability concepts [99]. 
For delivering the desirable UX, Dillon [6] Insists on addressing three key elements for successful 
user interaction with the system: 
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a. Process, what are the user’s actions and practices to accomplish a particular task? 
For instance, the frequency in which a particular feature such as help and system 
menus were utilised. As a result, the user’s habits as well as the system’s 
responsiveness and technical hitches will be understood. 
b. Outcomes, what are the user’s intended accomplishments. For instance, what 
defines the objectives achievements at the end of user interaction with the system? 
The answer, from a user angle, constructs a solid understanding of the meaning of 
fulfilled accomplishment.   
c. Affect, how does the user feel about the system? This embraces the perception of 
satisfaction from the description of usability, but then again exceeds that to take 
account of all users’ feelings, emotional responses and interactions. Users might 
feel in control, irritated, entertained or self-assured. This develops recognition of 
users’ affective interface with the system.  
Bevan 2008 [11 and 12] proposed extending the definition of user satisfaction to include 
these elements: 
a. Likability: to what level the user is pleased with their attainment of practical aims 
and significances of use. 
b. Pleasure: to what extent the user is fulfilled by the attainment of hedonic 
objectives of stimulation [13] and accompanying emotive reactions. 
c. Comfort: to what extent the user is comfortable with the system. 
d. Trust: to what extent the user is confident that the system will perform as 
anticipated.  
In Figure 2-5, the columns are the quality characteristics that contribute to the overall user 
experience needed to achieve these qualities.  
The ISO describes UX as: “a person's perception and responses that result from the use 
or anticipated use of a product, system or service” [10]. UX differs greatly from usability 
because of its emphasis on the following factors [14]: 
 Positive aspects of the user system relationship (for instance, enjoyment rather 
than frustration). 
 The incorporation of hedonic (non-instrumental) aspects.  
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 UX emphasises the subjective side of system use (rather than objective 
performance criteria, which is the focus for usability). 
Although UX differs substantially from usability, Bevan proposes the integration of UX 
and usability in user-centred design development. More attention needs to be paid to 
user's selections and preference, aesthetic feeling, frustration and sense of 
accomplishment [6]. 
Figure 2-5: Usability and user experience attributes (adapted from [14]). 
 User Affective State 
Human are emotional being and they are influenced by their contact with the surrounding 
environment, people, situations, learning skills, performing tasks, interacting with 
computer program or using a website. In addition, it is reflected upon their thinking 
attention, perception and their memory [100]. Users affective (emotional) state is made 




understanding the users affective state is PAD (Pleasure-Arousal-Dominance) model based 
on the work of Mehrabian et al. [101] and Bradley et al. [16]. PAD consists of three 
fundamental dimensions, pleasure (pleasant valence vs unpleasant valence), arousal 
(relaxed vs aroused) and dominance (demotivated vs motivated) [102] and is widely used 
concept within the field of computing [103].  
 
Figure 2-6: PAD model (based on Mehrabian et al. [101] work). 
Valence: is the evaluation of a subjective experience of emotion ranging from “positive” 
to “negative” state [104] , provoked by the surrounding environment, or subjective 
feelings [105]. 
Arousal: The term arousal in physiology and psychology refers to the state of being 
active when presented with a stimulus ,arousal indicates the strength of particular emotion 
[106] and results in an increased skin conductivity[107]. Arousal might be positively or 
negatively valenced according to the way in which they are perceived, for instance joy is 
associated with high arousal and valence while anger is associated with higher arousal 
and low valence. Arousal can be measured either subjectively or objectively, as it results 
in psychophysiological changes such as increased skin conductivity [108]. 
Dominance: The term dominance can be viewed as the extent to which users assume 
control over their reaction to move backward (are demotivated) or forward (are 
motivated) when presented with stimuli ,it can be described as a dominance-submission 
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of a person in a given situation [109]. Motivational intensity refers the strength of urge to 
move toward or away from a stimulus.  
 What is an emotion? 
According to the free encyclopaedia the term emotion in psychology is “a subjective, 
conscious experience characterized primarily by psychophysiological expressions, 
biological reactions, and mental states” [110].  
The origin of the word emotion goes back to the 16th century and is derived from the 
French word “émotion”, the root of the word is Latin “ emovere, from e- (variant of        
ex-) 'out' + movere 'move' ” [111]. The word “emotion” and its connotation have changed 
over the years in line with the changes in theories of emotion [112 and 113]; there have 
been many theories and models which have attempted to explain emotions and how they 
originate [61].  
The most prominent theories, which have attracted many scholars’ attentions, are: 
The James–Lange Theory: W. James and C. Lang stated that emotional stimuli trigger 
bodily (somatic) arousal, which happens unconsciously [114]. Then the brain in response, 
interprets those changes as a state of emotional feeling and physiological changes[115] 
[106] (see Figure 2-7A ,for a conceptual model of the theory).  
The Cannon–Bard Theory: W. Cannon argued that, somatic changes due to a reaction 
to external stimuli are not precise enough to produce physiological changes and particular 
emotions. Following this, P. Bard proposed that, emotional and physiological responses 
are parallel and occur at the same time. This resulted in what is known as the            
Cannon-Bard theory, which proposes that, in observation of emotive stimuli, the brain 
answers instantaneously. However, separately, bodily changes and subjective feelings of 
emotion are prompted [106] (see Figure 2-7 B, for a conceptual model of the theory).  
The Singer-Schachter Theory: This theory, also known as the two-factor theory, proposes 
that emotions are the products of a combination of physiological arousal and cognition 
process. The theory indicates that when a bodily arousal takes place, a cognition process 
occurs to interpret the meaning of the arousal in relation to the situation in which that 
particular arousal has occurred. Cognition is affected and influenced by the surrounding 
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environment and is reflected in the personal emotional state [116 and 117] (see Figure    
2-7 C for a conceptual model of the theory).  
 
Figure 2-7: Theories of emotions. 
 Affective States (Categories and Models) 
There has been a great deal of debate on how to categorize or classify emotions due to 
the variability and nature of the subject. Scientists have proposed many models to classify 
emotions. The most commonly used models are the Basic Emotion model [118] and the 
Two Dimensional model [119]. The basic emotion model was based on results of 
Ekman’s experimental work. Ekman proposed that, there are discrete and universal basic 
emotions shared across all cultures. The primary emotions are “surprise, happiness, 
anger, fear, disgust and sadness” [120] (see Figure 2-8). Furthermore, Ekman states that 
the more complex emotions are secondary to these basic ones and are built on them [118, 
121]; The basic emotions were selected because of their distinctiveness in their 
physiology, appearance, duration, occurrence, memories and subjective experience [122]. 
The two-dimension model by Bradley and Lang [119, 123] places emotions into two 
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dimensions, space of valence and arousal. The model categorises emotion according to 
their valence “pleasantness” and arousal “intensity” (see Figure 2-9 A).  
Even though several attempts have been made to categorise emotions differently, the 
Basic Emotion model has a great deal of agreement among scholars in the field of 
psychology [124] (See Figure 9-2 B, for the demonstrations of the elementary emotions 
portrayed on valence-arousal space) [63]. For instance, sadness has a negative valence 
and low arousal (see Figure 2-10).  
 
Figure 2-8: Pictures used in cross culture studies (taken from Ekman[125]). 
Figure 2-9: (A) Two-dimension space of valence and arousal  




Figure 2-10: The Circumplex model (taken from Posner [127]). 
 The Relationship between Affective State and the Nervous System 
The nervous system is divided into two key branches [61] (see Figure 2-11 for an overall 
view of the nervous system): 
 The central nervous system (CNS), branches into the brain and the vertebral 
cord. 
 The peripheral nervous system (PNS) links the CNS to the body’s organs and 
limbs. 
Furthermore , the CNS sends and receives signals from the PNS [128], in sequence the 
PNS splits into two subdivisions [129]: 
 The somatic nervous system (SoNS) is responsible for controlling the body’s 
intentional movements) [61]. 
The autonomic nervous system (ANS) which is known as well as the “involuntary” 
nervous system is linked to human emotions [130] and is also divided into two 
branches: 
o The first branch is the parasympathetic nervous system (PSNS), which is also 




o The second branch is the sympathetic nervous system (SNS) which is also 
recognized as the flight-fight system and is activated due to emotional arousal 
[131]. It has been a long time since scientists first utilized physiological 
changes to measure the intensity of experienced emotions; the first attempt to 
record human autonomic nervous system activities [132] dates back to the late 
decades of the nineteenth century. 
Figure 2-11: The nervous system, an illustration diagram. 
Physiological signals being used to note consumers’ preferences and behaviour is an 
emerging area of research known as “Neuromarketing” [133]. When using physiological 
signals to study effects of external stimuli such as arousal, one should consider using skin 
conductance (SC) measurements in particular. That is due to the fact that, SC change is 
due only to the activation of the sympathetic branch of the Autonomic Nervous System 
(ANS); this is because changes in other physiological signals such as blood pressure, heart 
rate and pupil diameter could be caused by the activation of either parasympathetic or 
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from a single stimulus in comparison with other signals [134]. Research methods which 
adopt             self-reported emotional experience techniques are merely dependant on the 
accuracy of the information provided by the participants and how truthful they are in their 
responses and feedback [135]. Furthermore, sometimes users experience emotions but 
they do not report them simply because they are unaware of them; this is known as 
unconscious emotional experience. Berridge et al. [136] and Winkielman et al. [137] 
argue that there are indications that negative as well as positive affect can be subliminally 
provoked and stay hidden from any subjective feeling and regardless of that obscurity 
subliminal emotions have great impact on our likes and the choices we make.  
 User Experience and Affective State 
Acquiring knowledge is an experience; it is merely a cognitive process, in which learners 
are affected by their emotional state. For instance, successfully completing a test could 
induce a positive attitude and a learning experience; in contrast, failure could have the 
opposite effect [138 and 139]. In psychology, affect can be described as an emotion or 
feeling of subjective experience [140]. Emotions play an important role in shaping UX 
and making it a positive or negative one. Furthermore, users’ emotions or affective state 
when using any system will determine how they perceive the hedonic as well as the 
pragmatic qualities of the system’s performance and preference. How are user experience 
and affective state measured? Scholars studying user experience and emotions typically 
use many techniques, including self-reporting, observation and biofeedback. The 
techniques used can be classified into two categories, subjective and objective, according 
to their nature. 
 Subjective Measurements and Evaluation Methods 
These methods are purely dependent on users’ reflections on their experience with a 
system or a product. The following are some of them together with their advantages and 
disadvantages. 
 Expressing Experiences and Emotions (3E) 
This emotion-measuring technique, is known as the 3E method and was proposed to 
collect users’ emotions and experiences [141]. The 3E technique is suitable for evaluating 
an application or a product. Its layout consists of a stick figure with a clear face in addition 
to speech and thought bubbles; the face does not show any emotions (see Figure 2-12) 
users may use them to express their feelings and experiences in words or non-verbally in 
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drawing. Although users can express their feelings without restrictions with 3E, analysing 
the user’s output is time-consuming and errors in the interpretation of drawing and 
expression are more likely to happen. 
 
Figure 2-12: The “3E” layout (taken from [141]). 
 Affect Grid Scale 
Affect Grid is a two-dimensional scale with 9x9 grid (arousal is represented by the y-axis 
and pleasure by the x-axis). It is intended as a quick way of measuring affect at any 
particular point in time [142]; with the affect grid, users can mark their emotion at any 
time during their course of interaction with an application or a product (Figure 2.13). The 
scale is simple and easy to use, however it does not provide many details and it is not 
extensively validated. 
 




Emocards are a self-report instrument which assists users in expressing their feelings 
about a task or a product [143]. This non-verbal technique is presented as set of cards or 
printed on a white paper (Figure 2-14). Upon the completion of the task, the user picks a 
single cartoon face to express their own emotion. Emocards has the advantage of being 
cheap to use and does not need special skills to administer or interpret, however, it is 
limited to only eight categories. It also does not provide further details about the emotion 
felt or the affective state. 
 
Figure 2-14: Emocards (taken from [143]). 
 Sensual Evaluation Instrument 
While interacting with the system, sensually shaped objects (see Figure 2-15) are utilized 
by the user to express how they feel. When an emotion is stimulated, they can pick any 
shape to present it. The test is followed by an interview to interpret the test outcomes 
[144]. It is not distracting to use while interacting with the system like other self-report 
forms; however, it is not an easy task to analyse the data and interpret results. 
 
Figure 2-15: Sensual evaluation instrument (taken from [145]). 
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 Positive and Negative Affect Scale (PANAS) 
PANAS is a self-reporting subjective scale which was created to measure two extents of 
dimensions (positive and negative affect) [146]; it was originally developed for clinical 
trials, however it could be used to evaluate affected users’ moods in other evaluation 
settings [147]. Unfortunately, PANAS is a lengthy verbal scale with a lot of wording, 
which makes it difficult for users to understand, and this might hinder their experience 
and have a negative effect on their emotions and rating of the tested condition.  
 Geneva Emotion Wheel (GEW) 
Geneva Emotion Research Group Developed the wheeling system to acquire self-reported 
insight into sensed emotions provoked by an event or a product [148 and 149]. Using a 
wheel-shaped scale, the user can identify the emotion felt and choose its intensity (see 
Figure 2-16). A well-established research group designed the tool; however, the 
subjective scale does not provide any further details about the emotion felt and the holistic 
user experience. 
 
Figure 2-16: Geneva emotion wheel (taken from [148]). 
 iScale 
iScale is a tool for recalling a user’s emotions and experience with a product or an 
application over a period of time [150]. Users draw curves to describe their experiences 
and feelings about the tested item over a period of time. The tool can assist in revealing 
users’ experiences over time without interfering with the user during the course of 
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interaction; however, there is a major issue of concern, iScale solely depends on the user’s 
ability to remember events rather than using a real-time approach (See Figure 2.17). 
 
Figure 2-17: iScale (taken from [150]). 
 PrEmo 
PrEmo is a non-verbal self-report instrument that is used to recognise 14 different types 
of emotion, which are depicted by animated expressive cartoons (See Figure 2.18). With 
PrEmo instrument, users non-verbally express their feelings toward the presented product 
[151 and 152]; the instrument is suitable for cross-cultural studies and users can select  
more than one character to describe mixed emotions. However, PrEmo does not provide 
a deep insight into the emotions felt and the whole user experience, concentrating only 
on the aesthetic aspect of the tested item. 
 
Figure 2-18: PrEmo ( taken from [153] ). 
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 Experience Interview 
Interviews are normally used in empirical research [154]. They are a good way to collect 
qualitative data when it is not possible to use quantitative or when it is not sufficient. 
They can be conducted face to face or online where users are asked how they feel about 
a situation or a product. According to their format, interviews can be divided into three 
types [155]: 
1. Structured Interview, this type of interview adheres strictly to a fixed set of scripts 
and questions. The interviewer must be consistent at all times in the way they conduct 
the interview and avoid reacting to the interviewee's answers; this type of interview 
is deemed useful when the interviewer is seeking very specific information. 
2. Semi-structured Interview, these are less formal than structured interviews; the 
interviewer must adhere to pre-set questions, however they are allowed to explore 
participants' answers and seek further clarification. This type of interview provides a 
deeper understanding of the interviewee’s answers. 
3. Unstructured Interview, the style of the interview is more like a friendly chat. This 
type of interview is used when the researcher is trying to gather as much information 
as possible about the area being studied. Although interviews are considered to be a 
source of data, they are demanding, time consuming and require the researcher to be 
experienced in conducting such interviews; otherwise they are very costly and might 
be misleading [154].  
 Emotion Sampling Device (ESD) 
Emotion Sampling Device is a PDA running a java application. The application provides 
a sequence of queries to collect the user’s emotions experienced as consequence of a 
particular event [156]. ESD-answered questions may recognize up to seventeen different 
emotions. The ESD cannot be used in the early development stages and it is not available 
in the public domain.  
 AttrakDiff   
AttrakDiff  can be described as a tool for measuring user experience with an interactive 
system or a product [15]. Using pairs of opposite adjectives, users may indicate their 
experience (using a 7.0 point scale ranging from -3 to +3); from users’ selections it is 
possible to evaluate the desirability of a product in terms of functionality, appearance, 
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attractiveness and whether further optimization is needed (see Figure 2-19). 
AttrakDiff utilizes three dimensional assessment strategy [157]: 
1. First dimension, Pragmatic quality (PQ) investigates the aspects of functionality and 
detects whether the user is able to achieve the anticipated goals from using the 
product. 
2. Second dimension, Hedonic quality (HQ) splits into two sub-divisions: 
a. Hedonic Quality - Identity (HQ-I) finds to what degree, users have identified 
or been led into a particular identity by the product (for instance, leaving an 
impression of being professional, calm, contemporary). 
b. Hedonic Quality - Stimulation (HQ-S), individuals have urgency to advance 
and progress. Hence, the stimulation side of HQ is used to evaluate to what 
extent the user is stimulated by the product. The stimulation occurs due to 
uniqueness, motivation, inspiring utilities, content, performance, and 
appearance delivered by the product. 
3. Third dimension, Attractiveness (ATT) refers to subjective assessment of a product’s 
attraction. Attractiveness rating reflects an overall ranking based on perceived quality 
[14]. 





 Self-Assessment Manikin ((SAM) Scale 
SAM is a self-report scale for the assessment of emotions. It was constructed based on 
PANAS [147] and measures three dimensions of emotion (valence, arousal and 
dominance) [16]. SAM is a 9-point scale, which utilizes cartoon characters to exhibit 
emotions (see Figure 2-20) and is used after users have completed their trial with the 
tested condition. It is common for SAM to be used in valuing advertisements and 
increasingly in product evaluation. As SAM is a non-verbal tool, it can be used in a cross-
cultural situation for evaluation purposes. SAM users are able to rate their emotions, by 
selecting one of the nine characters in Figure 2-20 (A), rate its intensity by selecting a 
character from Figure 2-20 (B) and their control of the situation by picking a character 
from Figure 2-20 (C). 
 
Figure 2-20: SAM self-assessment scale. 
 Objective Measurements and Evaluation Methods 
Research methods adopting self-reported emotional experience techniques are solely 
dependent on the accuracy of the information provided by the participants and how 
truthful they are in their responses and feedback [135]. Furthermore, sometimes users 
experience an emotion but they do not report it simply because they are unaware of it; 
this is known as unconscious emotional experience, Berridge [136] and Winkielman 
[137] argued that there are indications that negative as well as positive affect can be 
subliminally provoked and stay hidden from any subjective feeling. Regardless of that 




This tool is a real-time tracker of the user’s affective state while interacting with an 
application or a product [158 and 159] (see Figure 2-21). Using a video, face reader is 
able to identify six emotions (joy, anger, surprise, sadness, fear and disgust) from facial 
expressions at any time.  
 
Figure 2-21: FaceReader, emotion recognition (taken from Noldus [159]). 
Software vendor, claims up to 90% success rate in emotion recognition from facial 
images. Automated emotion recognition is quite helpful in saving time by speeding up 
the process of analysing facial expressions and avoiding mistakes made by novice or non-
expert researchers. Another advantage is that there is no interruption to the user while 
using FaceReader; however, its ability is limited to recognizing only six emotions. 
Furthermore, it cannot be used in the early development stages, only with a finished 
product. 
 Psychophysiological Measurements: 
Psychophysiology is an area of psychology which specializes in utilizing the body’s 
physiological processes to study its psychology [64]. The main advantage of 
physiological measurements is that even if the user does not express emotion through 
subjective or bodily gesture, change in their physiological signs is noticed; this is due to 
the involuntary stimulation of the SNS [160] as a result of the person experiencing 
positive or negative excitement [63]. The activation of the ANS is seen as change in heart 
rate, blood pressure, respiration speed [161], changes in electro-dermal activity (EDA) 
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[162] as well as pupil size and pulse; these changes could reveal the user’s emotional state 
when interacting with a system or product [163]. Furthermore, psychophysiological 
changes cannot be caused intentionally nor consciously controlled by humans. Therefore 
hiding physiological signals triggered by emotions or faking them is not possible [64] 
Additionally, physiological signals allow us to recognize subtle positive and negative 
affect variations which are not apparent or visually observed [164 and 63]. 
 Commonly used psychophysiology measurements: 
The type of psychophysiological measurements depends on the source of measured signal 
(See Figure 2-22). 
Cardiovascular system measurements: Cardiovascular measures use records of heart 
activities to identify positive and negative emotions. Heart Rate Variability (HRV) is the 
most common measurement within this group; HRV is the alternation rest between two 
successive heartbeats. It is helpful in evaluating and showing stress levels in adults [63]. 
However, one issue to consider when using HRV is that, two main branches of the 
autonomic nervous system (SNS and PSS) affect the heart. There is no way to identify 
whether the source of any collected data is due to an emotional arousal or to another 
physiological process. Therefore using cardiac measurements might result in misleading 
conclusions.  
Respiratory system measurements: Respiratory System Measurements portray how 
deeply and steadily an individual is breathing and are interpreted as an indicator of 
negative valence. However, they are not appropriate for virtual applications because of 
the slow signal of the physiological reaction [165]. 
Brain measurements: Known as Electroencephalography (EEG), these signals point to the 
activity of the CNS [166] [167] yet they are not well-matched for real-world applications 
due to their high sensitivity to bodily movements; for instance, blinking of the eyes or an 
electrostatic propagation because of the use of a large quantity of probes [168]. 
Electro-dermal activity (EDA): The skin is the largest body organ and is innervated by 
the SNS [126]. This makes skin activity-captured data the best candidate and the most 
cost effective way to measure the “arousal” dimension of emotion. EDA refers to the 
recorded variations in the skin’s capability of conducting electricity. The measurements 
reflect the overall arousal of the SNS due to external stimuli [169]. Changes in the EDA 
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occur when the brain sends a signal to the skin’s sweat glands to increase sweating; 
humans might not notice or feel any sweating on the skin, however the changes in skin 
conductivity are significant and quantifiable [17]. The EDA signal can define the amount 
of an individual’s excitement or nervousness, as well as indicating increased somatic 
activities or arousal fluctuations linked to emotional feelings such as pain, happiness, 
disgust, reasoning and many others [170].  
There are a number of ways to measure EDA, including skin potential, skin resistance 
and skin conductance [162]; however, following the guidelines and recommendations 
made by the Society of Psychophysiological Research [171], the skin conductance (SC) 
technique has become the universal standard practice to study the EDA [172]. The 
preferred method for the technique is to measure skin conductivity by passing a small 
current through the skin between two electrodes [173]. Changes in skin conductance 
indicate ANS activation and emotional arousal. 
 























 RESEARCH TRENDS  
There has been no previous research, which empirically evaluated user experience and 
affective state in relation to the usability of multimodal e-learning interfaces and in 
particular to investigate multimodal communication metaphors and compare them. 
However, there have been studies in the discipline of human-computer interaction and in 
the medical field using physiological signals to recognize emotions, including pleasure, 
sadness, engagement, excitement, frustration, anger, boredom, ease and many more. 
Cannon [174] studied the relation between what he described as bodily changes and their 
relation to emotions such as fear, pain, hunger and rage. Newton, et al. [175] investigated 
the relation between peripheral blood circulation and emotion. Changes in the affective 
state are accompanied by changes in ANS, which is reflected as change in blood 
circulation in skin vessels and results in alteration of the skin temperature. Two groups of 
14 nursing students participated in a trial and the group that was subjected to the negative 
stimuli had lower mean values of finger skin temperature in comparison with the group, 
which was positively stimulated. This shows that changes in skin temperature are linked 
to the affective state. There was a study by Carpenter and Haddan [176] investigating the 
relation between students’ physiological activities and their scores to establish 
connections between students’ learning achievements and increased physiological skin 
signal. Students with greater physiological skin signal for the duration of learning scored 
best on post-tests. In addition, it was also noticed that students’ intellect correlated with 
higher physiological skin signal readings, with smarter students having a tendency to be 
more responsive (higher physiological skin signal measures). Ekman, Levenson et al. 
[177] investigated the relation between specific emotions and the autonomic nervous 
system (ANS) by positively and negatively stimulating study participants; then they 
measured their physiological signals, which included skin temperature, galvanic skin 
responses and changes in heart rate. They found that ANS responded differently to 
positive as well as to negative emotions; furthermore, they were also able to differentiate 
between negative emotions such as anger and sadness. Moreover, in an investigation by 
Kistler et al. [178], using fingertip temperature as an indicator of changes in the 
sympathetic nervous system due to stimulations, the study found that there was an 
immediate change in the measured fingertip skin temperature after using stimuli. This 
temperature change is due to the sudden increase or decrease in blood flow triggered by 
the sympathetic nervous system induced by the stimuli.  
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The study suggests that skin temperature is an effective yet simple way to evaluate 
changes in the sympathetic nervous system. Ward, Marsden et al. [179] reported the 
findings of their study of web pages with high quality in comparison to pages with lower 
quality having an identical content. They measured users’ arousal while interacting with 
tested platforms by recording their physiological signals including skin conductivity; their 
results suggested that the mean value for recorded physiological data could be used as an 
indicator of web page usability. A study by Lin, Omata et al. [163] used physiological 
signals including galvanic skin response (GSR) in addition to conventional usability 
measurements, in assessing three video games with different conditions. The results 
showed a correlation between task performance and the obtained physiological results; 
their findings suggest that it is beneficial to use physiological measurements paired with 
conventional usability measurements. Baumgartner et al. [180] investigated the influence 
of music and images on emotion. The study measured physiological signals such as HVR, 
SC, skin temperature and breathing. The study findings suggest that music could improve 
emotional experience aroused by affective images. Grimshaw et al. [181] studied the 
sonic aspects of user experience with games, utilizing physiological signals including 
EDA; audio is commonly used in video games to guide users and respond to their moves. 
They found that the sound made games more enjoyable and players less stressful in 
comparison with no-sound playing conditions. Mandryk, Atkins et al. [182 and 183] used 
physiological signals, including GSR and HVR, in a study to model players’ emotional 
states while using three different playing conditions in Interactive Playing Environments; 
the results show that modelled emotion has comparable trends to those emotions reported 
by the players such as excitement and amusement. Handri et al. [184] used galvanic skin 
response (GSR) to evaluate students’ responses to interactive (virtual laboratory work) 
and non-interactive (video recorded lecture)                e-learning course materials. The 
results obtained did not show any statistical significant difference between interactive and 
non-interactive materials and proposed that other physiological signals could be used in 
evaluation such as skin temperature combined with subjective data to evaluate e-learning 
course materials. Kätsyri et al. [185] used facial electromyography (EMG) to evaluate 
user aesthetic experience with the use of abstract images as a background for written 
messages which were displayed on small screens. The study found that arousing images 
could be employed to increase the user’s skills in recalling written messages.  
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A study on 432 third-year medical students to investigate the effect of relaxation on 
students was carried out by Brennan, McGrady et al. [186], the results obtained showed 
that relaxation leads to statistically-significant increase in fingertip temperature, therefore 
temperature could be used as a physiological indicator of emotional experience. Sharma 
and Kapoor [107] attempted in an experiment to measure the physiological signals of 
emotions with a low-power embedded system; they used songs in Hindi and English to 
trigger participants’ emotions. Their results show an increase in skin conductivity when 
participants felt sad, angry or anxious; however, it decreased with fear and there was no 
noticeable significant change with happiness.  
Previous empirical studies [1, 2, 3 and 4] conducted by the Innovative Interactive Systems 
(IIS) research group used multimodal metaphors such as audio, video, earcons, auditory 
icons, synthesized as well as recorded speech and avatars in e-learning interfaces; like 
any conventional evaluation approach, the experimental platforms were tested for 
usability as this has always been perceived as an indicator for system quality. Based on the 
literature review, traditionally usability and its measurements of effectiveness, efficiency and user 
satisfaction has been used as a mean for insuring the success of any implemented computer system 
with human centred design. Usability evaluation only concentrate on the instrumental side and 
functionality of the system merely using an objective evaluation approach such as number of user 
errors ,calculating the times spent by the user to perform a particular task. Although usability has 
a subjective side within its user satisfaction measurements, however that only represent a tiny 
piece of the whole picture of user experience, also usability does not value the user affective state 
and its influence on user satisfaction and performance, which directly influence the measured 
system usability. In recent years, there have been growing interests in extending or replacing the 
concept of usability by user experience evaluation. The user experience concept surpasses the 
idea of simple user satisfaction adapted by usability; that is achieved through having a more 
holistic approach evaluating the pragmatic as well as hedonic qualities of the system and its 
overall attractiveness. However, this approach also does not address the objective side of the 
system-user relationship in its evaluation. User experience subjectively measures the pragmatic 
side of the system in terms effectiveness and efficiency, moreover it does neglects the evaluation 
of the user affective state and its impact on the user experience. One more move is in the field of 
human computer interaction is toward leaving behind the user subjective evaluation and calling  
for purely objective evaluation techniques, where the relation between the user and the system is 
judged and controlled by the system based on its interpretation of user’s physiological signals 
(this concept has been gaining popularity as affective computing). This method lacks consistency 
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a well as accuracy and disregards the subjective side of the user experience with the system, which 
is crucial for understanding the user perception of the system. 
Using one or another of the aforementioned approaches does not provide a full realization of the 
system-user relationship especially in a system with a human-centred design. Another issues exist 
within the cognitive theory of multimedia learning CTML, although the theory represent 
a conceptual model for human computer interaction within the learning environment and 
how the visual and auditory channels work in delivering information between the user 
and the system. The theory does not explain how the system usability as well as the user 
experience and affective state influence the auditory and visual communication channels 
and their impact on the user cognition and learning performance within a multimodal 
interactive setting. Furthermore, the theory does not address other sensory channels and 
their contribution to the cognition process. 
 SUMMARY 
A single evaluation approach on its own is not sufficient to guarantee success of a 
multimodal system; more attention must be paid to user experience and emotion, in order 
for the hedonic and pragmatic goals of the user to be met. Moreover, a holistic approach 
should be considered to overcome the gaps in the current evaluation practices and 
shortcomings of the CTML theory and achieving better understanding of relationship 
between the system and the user. We intend to adapt a triple evaluation approach, which 
employs objective as well as subjective techniques for the evaluation of system usability, 
in addition to measuring user experience and affective state. The proposed approach could 
help establish a better understanding of the system-user relation and help in delivering 
highly optimized and desirable multimodal solutions. Usability evaluation includes 
measuring effectiveness and efficiency and user satisfaction. Measuring user experience 
as well as affective state involves evaluating subjective feeling, felt emotion and 
physiological changes; therefore, the investigation will address those three dimensions 
using subjective and objective measurements. From the literature review and previous 
research, it appears that AttrakDiff instrument is suitable, well equipped, well supported, 
and capable of providing a sufficient evaluation of the subjective side of users and 
experiences. In addition, SAM Scale is useful as it can be used to evaluate the effect of 
the presented e-learning materials on the user’s affective state. In order to observe 
expressed emotions and attitude towards the presented e-learning materials, FaceReader 
would make a good choice; however, due to financial restrictions, a more traditional 
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observation method followed by unstructured interview to capture users’ reflections on 
the presented material will be used. Biofeedback device will be used to capture changes 
in user skin conductivity and temperature while interacting with the system. Skin 
conductance is very suitable for detecting emotional arousal, because it is innervated only 
by the activation of SNS in contrast to other physiological signals, which are affected by 
more than one branch of the nervous system, which makes it difficult to distinguish 
whether an obtained signal is due to an emotional arousal or a biological process. 
Furthermore, skin conductance is easy to measure and interpret and is not affected by 
factors such as body movements. With regards to cost, measuring skin conductivity is 
cheap in comparison with other physiological measurements; moreover, it is convenient 
to use and does not require special training or an expensive setup to administer it. In terms 
of comfort, users feel comfortable with it. The QSensor biofeedback device from 
Affectiva [17 and 187] was selected. It was originally designed by the MIT lab[188], 
validated and backed by a great deal of research. The QSensor is a standalone device and 
provides a non-invasive measurement technology. Using the device involves neither 
wiring nor interruption while it is being used; the data obtained is saved on-board and can 
be retrieved for later use. In addition to skin conductivity, the QSensor measures users’ 
skin temperature while they are interacting with the system. Skin temperature and 






3 EXPERIMENTAL PHASE I: MULTIMODAL vs                           
NON-MULTIMODAL 
 INTRODUCTION 
This empirical investigation looks to test a multimodal e-learning condition in terms of 
user experience aspects (attractiveness and pragmatic and hedonic qualities), in addition 
to testing aspects of usability (effectiveness, efficiency and satisfaction) and users’ 
affective state (valence, arousal and dominance). The multimodal e-learning condition 
combines a typical text with graphic metaphors and other metaphors such as speech, 
sounds and avatars with facial expressions in the delivery of learning information. The 
primary question is whether the inclusion of these metaphors can enhance user experience 
and the condition’s usability and the secondary questions are: 
What are the roles of these metaphors in any enhancement?  
How do users feel about them?  
What emotions do they trigger?  
 AIMS AND OBJECTIVES  
The aim of this experiment is to investigate the impact of combining animation and 
speaking, facially-expressive avatars on the UX and usability of e-learning conditions. 
Furthermore, it is aimed at assessing the degree to which the inclusion of these 
multimodal metaphors could affect the user’s engagement and learning performance as 
opposed to a typical graphical user interface.  
In order to fulfil the aims of this experiment, the afterward objectives have to be met:  
1. Formulate experimental hypotheses.  
2.  Create an experimental e-learning platform with two conditions, a Non-multimodal 
condition with text and graphics (NMMC), Multimodal condition (MMC) including 
speaking avatars, icons, recorded speech, auditory icons, text, graphics and classical 
music.  
3. Adopt a within-subjects experimental design, where each user tests both conditions. 
This approach has some advantages as it eliminates errors due to individual 
difference and requires a smaller sample size. 
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4. Compare the obtained results from using both conditions to determine the roles of 
multimodal metaphors in any enhancement to the platform. 
5. Evaluate the conditions’ usability by: 
a. Measuring condition efficiency (time spent by users to complete the required 
tasks).  
b. Measuring condition effectiveness (by calculating users’ correctly performed 
tasks), the measure can also be used to assess users’ learning performance 
c. Measuring users’ satisfaction.  
d. Measuring learning performance (learning time vs. scores). 
6. Measure user experience (UX) with each tested condition using an AttrakDiff 
instrument [15] which employs a self-reporting technique to assist in performing 
the following: 
a. Measuring the pragmatic aspects of user experience.  
b. Measuring the hedonic aspects of the user experience.  
c. Measuring the condition’s attractiveness. 
7. Gain unbiased real-time insight into users’ affective state by tracking changes in 
users’ skin conductance while experiencing both conditions. 
 HYPOTHESES 
Based on the type of conditions presented in this study, it is expected that the MMC will 
enjoy a higher rating and confidence by the users due to the addition of multimodal 
metaphors such as animation, earcons, auditory icons and speaking avatars. Based on the 
evaluation criteria and the measured variable; the following hypotheses have been 
formulated accordingly:  
H1: The MMC is going to be more efficient than the NMMC with regards to the time 
spent by users to perform presented tasks. 
H2: The MMC will be more efficient in performing tasks with higher complexity and 
cognition load. 




H4: The MMC will be more effective in performing tasks with higher complexity and 
cognition load. 
H5: The MMC will be more satisfying for users than the NMMC. 
H6: The users will have a better pragmatic experience with the MMC.  
H7: The users will experience better identification quality with the MMC. 
H8: The users will experience a better stimulating hedonic quality with the MMC. 
H9: Overall, the MMC will provide users with a better hedonic user experience. 
H10: The users will be more attracted to the MMC. 
H11: The MMC will induce more positive valence.  
H12: The users will have a better experience while using the MMC.  
H13: The users will be more alert while using the MMC. 
H14: The users will have better control over their interaction with the MMC. 
H15: The MMC will generate higher electro-dermal activities. 
H16: The MMC will positively influence users’ affective state. 
 STUDY VARIABLES  
The variables included in this study are grouped according to their type and listed in the 
following subsections (see to Table 3-1). In addition to the above-mentioned variables, 
other factors might have an effect on the results of the experiment and they need to be 
controlled: 
 Consistency 
 All the testing equipment and machinery were synchronised.  
 Desktop activities and the experimental sessions will be recorded. 
 Users have to wear the skin conductivity sensor 10 minutes before they use the 
condition; this time lapse is necessary to establish their EDA baseline. 
 Each user will experience both conditions. 
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 Experimental sessions with each user will be conducted individually, to eliminate 









































1. Usability 1.1 Task completion time. 
1.2 Correctness rate. 
1.3 User Satisfaction. 
1.4 Learning Performance. 
2. User experience  2.1 Pragmatic user 
experience. 
2.2 Hedonic user 
experience. 
2.3 Attractiveness. 
3. User affective 
state 
3.1 SAM 3.1.1 Arousal. 
3.1.2 Valence. 
3.1.3 Dominance. 
3.2 Biofeedback 3.2.1 Skin conductance. 
3.2.2 Skin temperature. 
 
Table 3-1: Independent and dependent variables. 
 Procedure 
 Insuring and maintaining consistency in research is a crucial element for obtaining same 
procedure and steps will be pursued throughout the experiment; furthermore, all users 
will utilize the same tools and computer. 
 Ethical and Privacy Concerns 
Users will be randomly selected from students around the university to participate in the 
experiment and all of them will be made aware of the following: 
 Their privacy rights and identity will be protected. 
 They have the right to terminate their involvement in the experiment at any time 
if they wish, without any questions asked. 
 Presented Tasks  
Users will be required to perform a number of recall and recognition tasks and to insure they are 
balanced the following measurements were taken: 
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 All users will experience the same number of tasks in the test conditions. 
 Users will be made aware of the task presented to them.  
 Users will have a time range in which to complete tasks in hand; tasks completed 
correctly in time will be considered successful, otherwise they will be deemed 
unsuccessful.  
 Learning Topics 
Although the experiment is using a within-subjects design, the learning topic presented in this 
experiment was selected to be a non-familiar topic to the users with the intention to minimize 
the impact, which their prior knowledge might have on their performance and to insure that the 
learning topic influence is controlled the following measurements were taken: 
 Similar learning topics will be presented in both conditions with the same 
structure, sequence, and complexity.  
 Platform and topic familiarity: All users are first time users and will be provided 
with the same presentation and training. 
 EXPERIMENT IMPLEMENTATION AND PROCEDURE 
The conditions were designed to follow a linear sequence, starting by introducing the 
topics followed by the learning materials with gradually increasing complexity, then a 
quiz. The quiz contains two types of task, recall and recognition. The following software 
packages were used to build the experimental platform: 
 Adobe Captivate [189], which is considered to be one of the best in the market 
for developing e-learning applications. 
 Adobe Flash [190] was used for animation and illustration. 
 CrazyTalk Animator Pro [191] was used for avatar animation. 
 Adobe Photoshop was used for the editing of images [192]. 
 QuickScore Elite Level II MIDI Edition is a music composition software for 
Microsoft Windows [193] was used for the creation of earcons. 
 Adobe Premiere Pro, a video editing software [194] was used. 
The experiment involved 30 users. Over four-week period, participants tested the 
conditions on an individual basis. They were all university students, randomly picked and 
with no prior experience with the tested e-learning platform. The researcher who 
explained the experiment procedure, goals, users’ rights, privacy and the confidentiality 
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of their data were assured greeted each user. Furthermore, the researcher made it clear to 
them that the experiment was set to measure the condition performance and not to judge 
their own abilities or to judge them personally. 
 Experiment Execution 
 First stage 
Step1. Users were requested to wear Affectiva QSensor [17], which is a non-intrusive 
wearable biofeedback sensor ,the QSensor measures two physiological bodily signals, the 
first one skin conductance which rises during the experience of emotional arousal due to 
excitement, anger and decreases in the course of experience of emotions such as 
relaxation. The second signal measure the QSensor is skin temperature, which is also 
affected by users’ affective state. 
 
Figure 3-1: Affectiva QSensor.  
Users were asked to relax for ten minutes prior to using the condition in order to establish 
their SC baseline. As soon as the user wore the sensor, a green light started blinking 
indicating that the sensor was active and EDA measurements had started (Figure 3-1). 
Step2. Users were invited to complete a pre-experimental survey to collect some 
information about them, such as educational background, age, gender, use of computers, 
use of the internet, previous experience with e-learning solutions and prior knowledge of 
the topic to be introduced by the e-learning platform (see Figure 3-2).  
Step3. A short tutorial was given on how to use the platform and how to navigate from 
one stage to another. 
Step4. Users were instructed to launch the condition and immediately press the sensor 
control button to mark their starting point of time using the platform; 50% of the users 
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were presented with the MMC in the first experimental stage while the remaining 50% 
were presented with the NMMC. This procedure ensured that both conditions had an 
equal influence on the users and the obtained results (please refer to Table 3-2 for 
conditions rotation). 
 
Figure 3-2: Pre-experimental survey. 
User First stage Second Stage 
1 MMC NMMC 
2 NMMC MMC 
……. ……. ……. 
30 NMMC MMC 
Table 3-2: Rotation table of the tested conditions. 
Within this step, users had to accomplish the following tasks: 
 Learn about earthquakes as well as their causes and how they are initiated. 
 Learn how the intensity of earthquakes is measured. 
 Learn about the seismic waves caused by earthquakes. 
 Learn how earthquakes are placed on maps. 
Step 5: Users completed six tasks (divided equally between recall and recognition types) ranging 
from easy to moderate and then hard. They had to finish the task in hand before they could proceed 
to the next task. 
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Step 6: Upon completion of all tasks, the final score was displayed and a summary of the 
correctly performed tasks was presented. Then users were prompted to press the 
QSensor’s control button to mark the end of the first experimental session. 
Step 7: Users were instructed to complete an SAM‘s affective state questionnaire. 
Step 8: Users were requested to use AttrakDiff  instrument [157, 15 and 95] which was 
used to facilitate the evaluation of the conditions’ hedonic as well as pragmatic user 
experiences and attractiveness. Upon completion, users were asked to relax for five 
minutes before continuing to the second phase of the experiment. 
 Second Stage: 
During this stage, the user was introduced to the remaining conditions. Each user was 
requested to repeat all the steps performed in the first stage except for step 2, because all 
the necessary information had been provided in the previous stage. During both 
experimental stages, the researcher was watching closely, taking notes, and providing 
help to the user when needed. All the users’ desktop activities during the experiment were 
recorded for later use in data collection. 
 Users' Profile 
A total number of 30 users participated in the trial and successfully experienced both 
conditions. The users were made up of 67% males, 33% females, and various age groups. 
Looking into the educational background of our users we can see that 60% were 
undergraduates, 23% were Master’s students and 17% were PhD students; furthermore 
they came from a variety of schools including Computing, Engineering, Business, Law, 
Media, Health, Art and Business Management (see Figure 3-3). The results show heavy 
use of the internet as well as computers with 97% using both for more than ten hours per 
week; in addition, all of the users were familiar with e-learning and had prior experience 
with e-learning websites and e-learning software. The majority of the users (67%) had no 
prior knowledge of the topic introduced by the e-learning platform; 23% had limited 
knowledge of the topic, followed by 10% who had good knowledge of the topic, while 







































































































































































 Usability Evaluation Results 
Usability is measured using its attributes including efficiency as well as effectiveness and 
user satisfaction. The collected data needs to be statistically examined. Selecting the 
proper statistical tests is critical for the validity of the evaluation outcomes, therefore, the 
data distribution was tested for normality using the Shapiro-Wilk test (recommended 
when the sample size is <50) [195]. In the cases where the data samples were found to be 
normally distributed, parametric statistical tests were used, such as a two related samples 
t-test. In other cases where the samples to be compared were abnormally distributed, a 
non-parametric tests were used depending on the type of data in use. 
 Efficiency 
Efficiency is evaluated by measuring the resources consumed (time spent) by users to 
accomplish a particular task within the context of use [12]. In the experiment, users were 
required to perform twelve compulsory tasks varying in type and complexity. The tasks 
were equally distributed among the tested conditions according to their type and level of 
complexity. 
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Two types of task were used, recognition and recall tasks, with three levels of complexity, 
easy, moderate and difficult. The results show that the time spent in performing tasks 
increased gradually with the escalation of task complexity in both task types within both 
of the tested conditions (MMC, NMMC). The increase is depicted in Figure 3-4 (A, B, 
C). From the figure, it seems that in contrast to the MMC the NMMC required more time 
to accomplish the presented task in all types and at all levels of complexity. 
All Tasks: Users needed a total of 3986.0 seconds to complete the NMMC task with a 
mean time of 132.86 seconds per user , while the overall time users needed to accomplish 
the tasks of the MMC was 3725 seconds with a mean value of 124.171 seconds; the result 
is displayed in Figure 3.4 (C). A two related samples t-test (t (29) = -7.520, p <0.05)  
shows that the overall differences between the tested conditions in performing the 
presented tasks were statically significant. The test result confirms that, with the aid of 
the multimodal metaphors included in MMC, users were able to accomplish tasks faster 
than with NMMC. 
Task Complexity: The tasks performed by users were categorized into three levels of 
complexity (easy, moderate, and difficult); the time spent by users to accomplish each 
level of complexity for both tested conditions was calculated and the results were 
compared to find any significant differences. Concerning the easy tasks, for the MMC the 
mean time was (18.46 seconds), while for the NMMC it was (19.25 seconds), the result 
(Z= -2.582, p = .01) of a Wilcoxon signed ranks test shows that the difference between 
users’ performance at this level of complexity is statistically significant. With regards to 
moderate tasks, the mean time of the MMC was 20.73 seconds while the mean time for 
the NMMC was 22.89 seconds and in two related samples t-test (t (29) = -6.840, p <0.05) 
the difference between the recorded time for users in both conditions at this complexity 
reached a significant level. Nevertheless for difficult tasks for the MMC as well as 
NMMC the mean time was (22.42 seconds) and (24.77 seconds) respectively; a two 
related sample t-test (t(29)= -7.231, p <0.05) shows that the statistical difference in the 
accomplishment of tasks in both conditions was highly significant. 
Task Type: Concerning the relation between task type and time spent by users, in the 
experiment users had to perform two types of task, recall and recognition                            
(see Figure 3-5 C). The mean time for all recall tasks was 23.52 seconds and 21.95 
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seconds in the NMMC and the MMC respectively; a two related sample t-test                         
(t (29)= -15.366, p <0.05) shows that the difference is highly significant. For all the 
recognition tasks, the mean time by users to accomplish the tasks was 20.67 seconds in 
the NMMC, while the mean time for the MMC was 19.34 seconds. A two related sample 
t-test (t (29) = -15.366, p <0.05) indicates that the difference in time needed by users to 
complete the recall tasks in both conditions was statistically significant. To investigate 
the observed differences further, it is worthwhile comparing task types in relation to their 
complexity levels, easy, moderate and difficult. See Figure 3-5 (A, B and C) and Table 
3-3 for a summary of the comparison results. 
 
Figure 3-5: Task type and efficiency. 
A two related samples t-test revealed a difference of high significance in easy                         
(t (29) =-4.693, p <0.05) as well as moderate recall tasks (t (29) = -9.346, p <0.05) and in 
difficult recall tasks (t (29) = -5.401, p <0.05). While for recognition tasks a Wilcoxon 
signed rank test revealed that the difference in tasks with easy complexity (Z= -.257, p = 
.797) did not reach a statistical significance, whereas for the moderate complexity tasks  
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Concerning difficult recognition tasks, a two related samples t-test confirmed that 
differences were of high statistical significance. Finally, it is safe to conclude that users, 
with the aid of the multimodal metaphors in the MMC (experimental condition), were 
able to accomplish tasks presented to them faster than they did in the NMMC (control 
condition) especially with tasks of higher complexity and cognitive load. 
 
Table 3-3: Comparison of task performance time and complexity. 
Each User: Regarding users’ individual task performance time, the majority of users did 
better while using the MMC; however, there were three cases in which the user performed 
equally (U18 and U27) or faster (U11) when using the NMMC. Overall, users were able 
to perform faster in the MMC with a mean of 20.7 seconds compared to 22.15 seconds 
while using the NMMC (refer to Figure 3-6 for illustration).  
 Effectiveness 
Users achieve evaluating the effectiveness of the experienced conditions through 
calculating the percentage of correctly performed tasks. The users were asked to perform 
two types of task (recall and recognition); each task consisted of six questions, which 
varied according to their levels of complexity (easy, moderate and difficult).  
Figure 3-7 shows the percentage of correctly performed tasks grouped by task complexity 
and task and condition type. It is noticeable that users achieved better results using the 
MMC in all task types and at all complexity levels. The raw data of users’ answers is 




Figure 3-6: Tasks completion time (M). 
 Conditions and Tasks 
In this experiment, 30 users were asked to answer six questions for each tested condition. 
The total number of questions was 360 (6 questions *2 conditions*30 users). Figure 3-7 
(C) shows that the overall correctly performed tasks in the MMC totalled 79%, which is 
21% greater than the result scored using the NMMC. The total number of correctly 
answered questions for the MMC was 152 compared to only 111 in the NMMC; a 
Wilcoxon signed ranks test was used to compare the obtained results for both conditions. 
The test result (Z=-3.971, p =.000) clearly indicates that, there is a significant variance 
between the tested conditions in terms of correctly performed tasks; it appears that the 
MMC helped users to achieve better results in performing the presented tasks. These 
improvements are attributed to the use of a combination of multimodal metaphors 
(auditory icons, classical music, earcons, expressive avatars and recorded speech). 
 Task complexity 
In Figure 3-7 (A) correctly performed tasks are displayed according to their complexity 
levels. There are three levels of complexity, easy, moderate and difficult. Each level 
includes 60 questions, with a total number of 180 questions per condition. It is evident 
that the MMC condition generally outperformed the NMMC at all levels of complexity; 
however, this was more obvious within moderate and difficult tasks. In performing easy 

















exceeded the NMMC in the number of correctly performed tasks by 26.7%, whereas the 
highest difference was obtained when performing, difficult tasks in which the NMMC 
scored 35% lower than the MMC in the number of correctly accomplished tasks. 
 
Figure 3-7: Tasks effectiveness (grouped by their complexity levels). 
A Wilcoxon ranked test shows that the difference between the two conditions in 
performing easy tasks  (Z= -1.414, p =.157) did not reach a significant statistical level. 
However, the differences were statistically significant in performing moderate  (Z= -
2.909, p =.04) and difficult tasks  (Z= -3.275, p =.001). Overall, it can be concluded that, 
while both conditions were comparably effective in performing easy tasks, the MMC was 
more effective in accomplishing tasks with higher complexity levels and the 
interaction metaphors significantly increased the effectiveness of the MMC 
“experimental condition”. 
 Task type  
Figure 3-8 (C) shows ,that the MMC outperformed the NMMC in the number of correctly 
answered questions in both types of task; furthermore the figure shows that both 
conditions performed better in recognition tasks than in recall tasks (A and B) illustrates 
the percentage of correctly performed recognition and recall tasks for the MMC and the 
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questions for the whole experiment. It is clear in Figure 3-8 )C) that the MMC 
outperformed the NMMC in the number of correctly answered questions in both types of 
task; furthermore, the figure shows that both conditions performed better in recognition 
tasks than in recall tasks. The correctness rate acquired by users with the MMC was 
25.86% higher in performing recall tasks and 22.82% higher in performing recognition 
tasks. 
 
Figure 3-8: Effectiveness and task type. 
A Wilcoxon ranked test shows statistically significant variances between the MMC and 
the NMMC in performing recall (Z=-3.404, p =.001)  and recognition (Z=-3.206, p =.001) 
tasks. Looking deeper into the types of task with reference to their complexity levels in 
the tested conditions, the McNemar test shows that there are significant differences within 
difficult recall (p =.013)  and recognition (p =.035) tasks. Furthermore, in the moderate 
recall tasks the difference (p =.013) is highly significant; however for the moderate 
recognition tasks the difference (p =.146) did not reach a statistical significance. In 
addition, for easy recall tasks  (p =.688) and recognition tasks (p =. 625) the differences 
did not reach a significant level. Overall, it is obvious that utilizing multimodal metaphors 
made the MMC more efficient, particularly in performing recall and recognition tasks 
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To measure the satisfaction aspects of the test conditions’ usability, a modified version 
of the System Usability Scale (SUS) [196 and 197] was used. The scale includes the 10 
original SUS statements, which are divided into five positive, and five negative to provide 
users with a balanced view [198]. The modification is made to the SUS’s rating scale, the 
“undecided” choice was eliminated and the rating gauge was downsized into 4 points only 
(1=“Strongly disagree”, 2=“Disagree”, 3=“Agree” and 4=“Strongly Agree”). The 
alteration was made to eliminate the issue faced in previous studies by our research group 
whereby a high percentage of the participants were undecided on their liking of the tested 
systems. The alteration is expected to push the users to express their true opinion of the 
system. To investigate user satisfaction with the aspects of the tested conditions further, 
eight additional statements were included and tailored to each condition. 
SUS Results: The final SUS scores for both conditions are displayed in Figure 3.9; the 
negative statements were reversely coded and the final scores were calculated according 
to the SUS-recommended calculation method [196]. The outcome of the MMC-SUS test 
was (M=83.91, SD=10. 28), whereas for NMMC-SUS it was M=64.26, SD=10.99; this 
is just below the average acceptable value of 67%. A paired samples t-test (at (29) = 6.67, 
p <0.05) shows a significant difference between the two conditions; it is safe to conclude 
that the MMC scored better and seems to be more usable. The majority of the users found 
learning how to operate the system and using it to be an easy process in both conditions. 
In terms of user confidence in the system, users showed greater confidence in the MMC 
(97%) in comparison with the NMMC (50%). In terms of system simplicity, integrity, 
consistency and need of technical support, both conditions were highly regarded by the 
users. On asking users whether they would prefer to use the system often, the MMC 
achieved a higher score with 93% in contrast with the NMMC where only 39% showed 
an interest. The outcome of the MMC-SUS test was (M=83.91, SD=10. 28), whereas for 
NMMC-SUS it was (M=64.26, SD=10.99); this is just below the average acceptable value 
of 67%. A paired samples t-test (at (29) = 6.67, p <0.05) shows a significant difference 
between the two conditions; it is safe to conclude that the MMC scored better and seems 
to be more usable. The majority of the users found learning how to operate the system 
and using it to be an easy process in both conditions. In terms of user confidence in the 
system, users showed greater confidence in the MMC (97%) in comparison with the 
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NMMC (50%). In terms of system simplicity, integrity, consistency and need of technical 
support, both conditions were highly regarded by the users. On asking users whether they 
would like to use the system more often, the MMC achieved a higher score with 93% in 
contrast with the NMMC where only 39% showed an interest. 
 
Figure 3-9: Users agreements with SUS statements. 
Additional Satisfaction Statements: All users favoured the MMC in their rating (please 
refer to Figure 3-10 for more user ratings and Figure 3-11 for user agreements with the 
additional statements for both conditions).  
0% 20% 40% 60% 80% 100%
I think I would like to use this software
frequently
I found the interface unnecessarily complex
I thought the interface was easy to use
I think that I would need the support of a
technical person to be able to use this interface
I found the various functions in this interface
were well integrated
I think that there is too much inconsistency in
this interface
I would imagine that most people will learn to
use this interface very quickly
I found the system very cumbersome to use
I felt very confident using the software
I needed to learn a lot of things before I could get

















Figure 3-10: User ratings for each additional satisfaction statement. 
The additional statements can be grouped into two categories; four of them are conditions-
related statements while the other four are common statements for both conditions (please 
refer to Figure 3-10 where users’ overall rating is displayed for each statement). Users 
showed greater confidence in their skills and ability to accomplish the presented tasks in 
the MMC (93%) in comparison with only 47% who felt the same while using the NMMC. 
In assessing user’s engagement with the system, only 13% of the users thought they were 
0% 20% 40% 60% 80% 100%
I have completed the tasks correctly
I felt engaged with the system.
I didn’t miss  human to human communication   
I would recommend such  system to my colleagues
Overall, I am satisfied with this system.
The virtual lecturer helped me to understand
Adding a virtual lecturer will help me to understand
more.
The sound alerted me to the important points.
Adding alerting sounds will help me to identify
important points
Playing sounds  made the lesson more realestic .











































engaged with the NMMC in contrast with 97% in the MMC; similarly, 70% felt they 
missed human-to-human communication while interacting with the NMMC condition, as 
opposed to only 20% for the MMC. It seems that users assimilated and connected very 
well with the MMC.  
 
Figure 3-11: Users’ agreements with the additional statements. 
When asked to state to what extent they were satisfied and whether they would 
recommend such system to a friend; 97% of the users had a negative view of the NMMC; 
in contrast, the user rating for the MMC condition was highly positive. For the NMMC 
all the participants thought that adding a virtual lecturer, sound, and animations would 
have improved their learning and engagement with the system. Concerning the MMC, 
87% of the users stated that the presence of a virtual lecturer was positive to their 
engagement and learning outcome; more than 77% thought adding sounds to the MMC 
made the lesson more interactive and improved their alertness to the important topics. 
Generally, users expressed more interest and satisfaction in the MMC. In the SUS 
evaluation, the MMC scored 21.65% higher than the MMC; similarly, for the additional 
satisfaction statements, users' views toward the MMC were almost 20% higher. There is 
strong evidence that the MMC was more satisfying to the users (please refer to             
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Figure 3-12: Overall view of users’ satisfaction. 
 Learning Performance 
Learning is a cognitive process, which takes place within a limited time frame, and its 
outcome is measured by learners’ ability to grasp the presented learning topic; therefore, 
learners’ performance enhancements in this study were valued within those two 
dimensions. Figure 3-13 presents the actual learning time and users’ scores in performing 
the required tasks. To clarify the relationship between learning time and learning outcomes 
a scatterplot was created (Figure 3-14). The figure shows that the MMC (score=84.33%, 
learning time=281.61s) outperformed the NMMC (score=61.7%, learning time=287.43s) 
in learning performance. 
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Figure 3-14: Learning performance scatterplot (learning time vs scores). 
For the association between learning time and learning outcomes concerning learning 
performance as well as condition type, the following two hypotheses were formulated:  
 H0: there is no correlation between learning time and outcomes. 
 HA: there is a correlation between learning time and outcomes. 
Pearson Correlation Analysis (SPSS2013) was used to obtain the correlation coefficient 
and significance level and the outcomes are shown in Table 3-4.  
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Table 3-5: NMMC correlation analysis result. 
Concerning the NMMC The result are listed in Table 3-5. There was more significance 
in the correlation between learning time and scores in learning performance (r = 0.711, 
ρ=.070) within the MMC. The results show that increase in learning time had a positive 
impact on users’ scores. Therefore, the improvements observed within the MMC can only 
be attributed to the use of the communication metaphors. Overall, it is safe to conclude 
that the inclusion of communication metaphors could improve users’ learning 
performance by lowering learning time and increasing information retention. 
 User Experience Evaluation 
AttrakDiff instrument was used to evaluate user experiences in terms of pragmatic as well 
as hedonic qualities and attractiveness. The dimensions of user experience are 
independent and equal in their contribution to the overall score of both conditions.  
 AttrakDiff Results for the MMC 
The multimodal condition was ranked as “highly desired”. Pragmatic quality is evidently 
the classification. The users were aided by the condition, the value of pragmatic quality 
reached the above-moderate values and there is an opportunity for enhancement. 
Concerning the hedonic quality, the character classification clearly fit the condition. It is 
strongly hedonic. The users identified themselves very well with the condition and are 
encouraged and motivated by it.  
The users were in agreement in their rating of both dimensions (see Figure 3-15 for 
details). The NMMC was rated as “neutral”. The users were assisted by it, nonetheless 
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the score of pragmatic quality just reached the ordinary values and consequently there is 
certain room for enhancement. 
 
Figure 3-15: AttrakDiff  results for the MMC and the NMMC. 
 AttrakDiff Scale Results for the NMMC 
With regards to hedonic quality, the term description plainly does not fit the evaluation 
criteria for the reason that, the confidence interval stumbles over another zone. The 
hedonic value is only reached the ordinary levels and concerning hedonic quality, there 
is certainly a room for expansion. The MMC performs better than the NMMC in terms of 
pragmatic quality and hedonic quality. The difference in hedonic quality between 
multimodal and non-multimodal is statistically significant. The difference in pragmatic 
quality between multimodal and non-multimodal is also statistically significant (see 
Figure 3-15 for details). 
 Figure of Average Values 
The overall values of AttrakDiff for the assessed conditions are depicted in Figure 3-16. 
Within this illustration, hedonic quality differentiates between the sides of stimulation 
and users’ identification with the conditions. Concerning the MMC, in terms of pragmatic 
quality the condition is placed in the above-average region and meets ordinary standards. 
It is essential to improve the condition in this area even more.  
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Concerning HQ-I, the condition is placed above the moderated region. It motivates users, 
awakens their interest and encourages them. 
 
Figure 3-16: AttrakDiff average values.  
It motivates users, stimulates and interests them. In terms of aspects of stimulation, the 
condition is also classified as ideal. The condition’s attractiveness rating is positioned 
above the ordinary region. The general impression of the condition is highly attractive. 
For the NMMC, in terms of pragmatic quality the condition is placed in the regular region. 
It just about come across regular standards and aiming at improving is needed. With 
respect to hedonic HQ-I, the condition is placed in the ordinary region. It meets ordinary 
standard, so in order to bind the user to the condition, aiming for improvements is 
necessary. With regard to HQ-S, the condition is placed in the below-average region. 
Furthermore, the condition did not have an inspiring influence on others. Inadequate 
inspiration in response, results in lack of motivation by the use of the condition and if a 
system of similar pragmatic quality were to be offered, users would happily switch to it; 
the condition is in serious need of revision.  
The condition's attractiveness score is placed below the average region; the general 
impression of the conditions is slightly unappealing. For an overall outlook on users’ 





























Figure 3-17: Word-pairs rating diagram. 
 User Affective State Evaluation 
 Biofeedback  
Skin Conductance: Users’ skin conductivity was monitored and the data was collected 
using Affectiva QSensor in the two experimental conditions. For each user, the mean 
value of SC, SKT was calculated. In the NMMC condition, the overall mean value for SC 
was 2.197𝜇 𝑠𝑒𝑚𝑒𝑖𝑛𝑒𝑠 , SD=2.338, whereas in the MMC it was 2.755𝜇 𝑠𝑒𝑚𝑒𝑖𝑛𝑒𝑠, 2.773 
in the NMMC. The highest obtained mean value of SC for a user was 11.79𝜇 𝑠𝑒𝑚𝑒𝑖𝑛𝑒𝑠  
and the lowest was 0.1236 𝜇 𝑠𝑒𝑚𝑒𝑖𝑛𝑒𝑠 , while for the MMC the results were 
13.183𝜇 𝑠𝑒𝑚𝑒𝑖𝑛𝑒𝑠 and 0.168𝜇 𝑠𝑒𝑚𝑒𝑖𝑛𝑒𝑠 respectively (see Figure 3-18 for illustration 


























































































































































































































































































































































































Figure 3-18: Mean skin conductance measured in Microsiemens (µS). 
The results obtained show an increased level of users’ skin conductance while using the 
MMC in comparison with the NMMC; a two related samples Wilcoxon signed ranks test 
shows the difference (Z= -3.363 , P=.001) is highly significant, the result shows clearly 
that the users were more excited while interacting with the MMC. Skin conductance 
provides an indication of the overall changes in electro-dermal activities, which mainly 
result from emotionally elicited bodily arousals.  
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Skin Temperature: In addition to skin conductance, the biofeedback device also records 
its electrode’s temperature, which is reflective of changes in skin temperature. The data 
was collected for all users while they were experimenting with the MMC and NMMC. 
Skin temperature is to some extent similar to the tonic skin conductance data as the 
changes are small and gradual over time (the results are displayed in Figure 3-20). The 
mean skin temperature of users of the MMC was 30.91 Cº while for the NMMC it was 
31.05 Cº. Overall, it seems that using the NMMC slightly increased users skin 
temperature. A two related samples Wilcoxon ranked test (Z= -2.92, P=.003) shows that 
the difference between users’ skin temperature in both conditions reached a statistically 
significant level. Ekman et al. [177] found that physiological measures could distinguish 
some negative emotions such as fear from others like anger, for example in the case of 
anger , a higher skin temperature is observed than that for fear and sadness [61].  
 
Figure 3-20: Users skin temperature (MMC and NMMC). 
 SAM (Self-Assessments) Results 
Users’ affective state towards the experimented conditions in terms of pleasure, arousal 
and dominance were evaluated using Self-Assessment Manikin (SAM) techniques. SAM 














Users’ ratings were analysed and the test results are displayed in Figure 3-21. It was more 
negative and the overall rating was above neutral and slightly negative. A two related 
samples Wilxocon ranked test (Z=-4.858, P=.000) shows that the difference in the 
percived valence is significantly high, Figure 3-22 shows exactly the trend of users’ 
emotions towards the the tested conditions. The layout of the MMC graph shows that 
users ranged from neutral to moderately positive with a great majority considering it to 
be moderately positive. The area covered in the graph indicates that agreement within 
users’ ratings was quite high. For the NMMC, users alternated between negative and 
slightly negative emotions; the widely held views are placed between neutral and slightly 
negative with a tendency towards neutral. In their self-assesment users reported a positive 
emotion towards the MMC e-learning interface; their overall view is considered 
moderately positive; however, for the NMMC overall, the obtained results clearly show 
that the presence of multimodal communication metaphors was regarded as emotionally 
positive. With regards to arousal, the same test (-3.081, P=.002) indicated a significant 
statistical difference between users’ ratings for both of the tested conditions. Users felt 
their emotions were stronger towards the MMC.   
 
Figure 3-21: SAM result (MMC and NMMC). 
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Users’ ratings were analysed and the test results are displayed in In their self-assesment 
users reported a positive emotion towards the MMC e-learning interface; their overall 
view is considered moderately positive; however, for the NMMC it was more negative 
and the overall rating was above neutral and slightly negative. A two related samples 
Wilxocon ranked test (Z=-4.858, P=.000) shows that the difference in the percived 
valence is significantly high. Figure 3-22 shows exactly the trend of users’ emotions 
towards the the tested conditions.  
 
Figure 3-22: Emotions valence (MMC and NMMC). 
Figure 3-23 indicates clearly how they rated their arousal within each experimented 
condition. Users’ rating of the MMC ranged from high to slightly high, with the majority 
giving moderately high ratings. The layout of the line graph and the smaller area it covers 
show clearly that there is considerable agreement between users in their rating of the 
percived arousal. With regards to the NMMC, user rating fluctuated between low and 
moderately high with the majority rating it as slightly high. The shape of graph and area 
it covers indicate that users were moderately varied and there was some difference within 









Valence (MMC and NMMC)
MMC Valence NMMC Valence
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Overall users were emotionally moved by the tested conditions although they were more 
aroused by the MMC; it is possible to conclude here that the noted increase was due to 
the inclusion of the multimodal communication metaphores in the MMC.  
 
Figure 3-23: Users perceived arousal levels. 
In terms of dominance, the results show that the majority of users felt they were in control 
of their emotion over the tested conditions(refer to Figure 3-24). The percentage for the 
MMC was 79.5% and 65.8% for the NMMC. A two related samples Wilcoxon ranked 
test result (Z=-3.081, P=.000) confirmed that the difference between users’ rating within 
the dominance category reached a significant level. Figure 3-25 shows that dominance 
rating for the MMC ranged between users feeling they were in-control to feeling they 
were moderately in control. The direction of user rating is moving toward feeling in-
control. Concerning the NMMC, users’ rating of dominance by the condition ranged 
between neutral and in-control with a tendency towards neutral and slightly in-control 
directions. A high agreement between users in their rating of both conditions is indicated 
by the layout of the graphs and size of the covered area. Overall, users felt more in control 
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Figure 3-24: Dominance rating (MMC and NMMC). 
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The current study empirically investigates the performance of e-learning user interfaces 
in the presence of multimodal communication metaphors (MMC) in comparison with the 
performance in their absence (NMMC). It is also concerned with factors, which affect 
learners’ performance such as learning task type (recall and recognition) and complexity 
(easy, moderate and difficult). The study data was collected using subjective as well as 
objective techniques, employing questionnaires, observation, and biofeedback. The study 
results were analysed and compared using the within three areas: 
 Usability evaluation: e-learning interfaces usability was evaluated in terms of user 
satisfaction, efficiency and user satisfaction. 
 User experience evaluation: The experimental interfaces were evaluated in terms 
of their pragmatic quality, hedonic qualities and attractiveness. 
 Emotion: Users’ feelings and emotional reactions were evaluated while using the 
interface. 
Accordingly, the results of the experiment will be discussed to reveal any contributions 
made by the multimodal metaphors in those three areas. 
 Usability Results 
 Efficiency (task answering time)  
The first hypothesis states that the MMC would be more efficient than the NMMC in 
terms of time taken by the users to answer the presented tasks. Figure 3-5 (C) shows that 
using multimodal communication metaphors in the experimental condition (MMC) 
reduced the time spent by users on answering the presented tasks in comparison with the 
time they needed to accomplish the similar task using the control condition (NMMC). 
During the experiment, users’ attention to the NMMC was split, as they had to switch eye 
contact regularly between texts and graphical illustrations to understand the presented 
topic. On the other hand, when using the MMC, they were able to maintain visual contact 
with the illustration and pay attention to the topic being presented. The presentation was 
given by a facially-expressive avatar, recorded speech narrations and auditory icons, 
alerting earcons and classical background music. Users seemed to enjoy the 
demonstration part where there was classical background music. The addition of 
multimodal communication metaphors helped the users to instantaneously utilize both 
visual and auditory channels which distributed the cognitive load [199] and reflected an 
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improvement in task answering time therefore, H1 is fully accepted. The results are in 
favour of the hypothesis and therefore it is accepted. With regard to the second 
hypothesis, The results, displayed in Figure 3-5 (A and B) show that the increment in task 
answering time was in line with the escalation of task complexity in both conditions; 
however when comparing the increase in both conditions it is noted that it was less severe 
in the experimental condition at all levels of complexity. This shows that the use of 
multimodal communication metaphors is very useful when presenting complex 
information. As a task’s complexity as well as cognition load increases more information 
is delivered and the available cognition resources are reduced. Multimodal 
communication metaphors could help increase the working memory by splitting the task 
processing load with the use of visual and auditory channels [199]. The experiment results 
indicate that the efficiency of the experimental condition increased with task complexity 
due to the inclusion of the multimodal communication metaphors; therefore, the 
hypothesis H2 is accepted. 
 Effectiveness (task answering correctness) 
Concerning the third hypothesis, H3 states that the MMC will accomplish higher 
effectiveness than the NMMC in terms of correctly answered questions. From the results 
displayed Figure 3-8 (C), it is clear that the NMMC outperformed the NMMC in terms 
of correctly answered tasks and therefore H3 is accepted. Concerning the fourth 
hypothesis, H4 states that, the MMC would be more effective in performing tasks with 
higher complexity and cognition load. The results depicted in Figure 3-8 (A), clearly show 
that the MMC was steadily more effective than the NMMC on all complexity levels. For 
task type, the results in Figure 3-8 (B) show that the MMC maintained the same level of 
efficiency in answering recall and recognition tasks on all levels of complexity; therefore, 
H4 is fully accepted. 
 User satisfaction 
Regarding the fifth hypothesis, H5, states that the MMC would yield a higher user 
satisfaction than the NMMC. The results displayed in Figure 3-9 representing SUS 
results, show that users were more satisfied with the MMC in comparison with the 
NMMC. Furthermore, the results of the additional (condition specific) satisfaction 
statements depicted in Figure 3-11 clearly show that the users’ rating was in favour of the 
 
86 
MMC and that they were less satisfied with the NMMC; therefore, H5 is fully recognized 
and accepted. 
 User Experience  
User experience was evaluated using AttrakDiff instrument [15] within three dimensions: 
experienced  pragmatic and hedonic qualities and attractiveness. The results are discussed 
accordingly in the following subsections. 
 Pragmatic quality 
The sixth hypothesis, H6 states that users would experience a higher pragmatic quality 
with the MMC. The results depicted in Figure 3-15, show that users’ evaluations of the 
MMC in terms of its pragmatic quality was classified as “desired”, and all users labelled 
it with high confidence as a pragmatic quality interface. For the NMMC, users’ rating of 
its pragmatic quality was “neutral” with lower confidence, as users were not in high 
agreement in their rating; consequently, there is an urgent need for improvement and the 
NMMC was not classified as a product with a pragmatic quality. Users considered the 
MMC more manageable, predictable, clearer, more straightforward and more practical; 
however, they associated the NMMC with simplicity. It is noted that users rated the 
NMMC to be more technical as opposed to their rating of the MMC, which they 
considered to be more human and less technical. The result could be related largely to the 
inclusion of multimodal communication metaphors having humanized, to some extent, 
users’ interaction with the tested condition (see Figures 3-16 and 3-17). Regarding overall 
user experience with the tested conditions and their ability to meet users’ targeted goals 
in terms of the pragmatic quality, the MMC was more desired than the NMMC and was 
able to meet users’ goals; therefore, H6 is accepted. 
 Hedonic Quality 
Hedonic quality has two sides, user stimulation and identification with presented 
conditions. The results are depicted in, Figures 3-16 as well as 3-17 and discussed below. 
Hedonic Quality-Identification: Users’ evaluation of HQ-I placed the MMC in the 
above average region and they identified well with it; the MMC encouraged users, 
inspired their enthusiasm and awakened their desire to learn. Consequently, users 
identified themselves well with the MMC condition, which they have rated it to be 
optimal. With regard to the NMMC, users placed the condition in the average region. It 
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was just capable of meeting ordinary levels so in order to win users and make them 
continue to use such a system improvements are necessary. The results clearly confirm 
the correctness of H7, which stated that users would experience higher identification with 
MMC. As a result, the hypothesis is accepted. 
Hedonic Quality-Stimulation: With respect to hedonic quality stimulation, users’ 
ratings positioned the MMC in the above average region. Users were stimulated by it, 
their curiosity was awakened and they were motivated and inspired. Largely, in terms of 
stimulation users classified it as optimal. However, their ratings of the same category in 
the NMMC positioned it lower than the average region, as the NMMC did not have a 
stimulating effect on them. The lack of stimulation resulted in lack of motivation to use 
the system; it is worth mentioning that, should a system of similar pragmatic quality be 
available users would happily migrate towards it, so the NMMC condition is in serious 
need of amendment. Overall, users were more stimulated by the MMC; therefore, H8, 
which predicted this finding, is proven true and is fully accepted. Furthermore as the 
results showed, the MMC provided a better hedonic user experience than the NMMC, 
therefore the H9 is accordingly accepted. 
 Attractiveness  
According to users’ ratings in Figures 3-16 and 3-17, The MMC attractiveness value was 
placed above the average region. The total impression of the condition is highly attractive. 
With respect to users’ rankings of the same category in the NMMC the attractiveness 
value was situated lower than the average region; the general impression of the conditions 
is unattractive. Users thought the MMC was more appealing, inviting, likable, pleasant, 
and attractive; this finding confirms what was stated in H10, therefore it is considered 
proven and accepted. Overall, the inclusion of the multimodal communication metaphors 
in the MMC has improved the overall user experience; consequently, H11 is accepted. 
 User Affective state 
 Biofeedback 
Skin Conductance: Users’ electro-dermal activities were monitored by recording 
changes in skin conductance; the results (see Figures 3-18 and 3-19) indicated that users’ 
skin conductance while using the MMC was higher compared to the NMMC.  
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The statistical difference in users’ skin conductance in both conditions reached a 
significant level. Stronger stimulation produces stronger change in skin conductance. The 
general increase in electro-dermal activity is reflected as an increase in skin conductance. 
The observed increase can be associated with increase in arousal and attentiveness [134]. 
The results clearly show that users were more stimulated by the MMC. They encountered 
a higher number of stimuli, the interpretation of changes in electro-dermal activities 
should be made in relation to other measurements to decide, whether the perceived 
increase was positive or negative. The results are clearly in favour of H15 and therefore, 
it is accepted. 
Skin Temperature: Changes recorded in users’ skin temperature while they were using 
the experimental conditions are displayed in Figure 3-20. The overall result shows that 
there was a slight increase in skin temperature in the NMMC in comparison with the 
MMC. A statistical test showed that the difference reached a significant level. Increase in 
skin temperature can happen due to experiencing either positive or negative emotional 
episodes ,even though such increase in the case of negative emotions could distinguish 
sadness or fear from anger [200]. Accordingly, with reference to the subjective 
assessment, the observed increase in users skin temperature while using the NMMC was 
an indicator of experiencing negative emotions. Utilizing SAM assessments, users’ 
affective state was evaluated within three dimensions including valence, arousal and 
dominance; the results are presented here and discussed accordingly.  
 SAM (Self-Assessment) 
Valence: The term valence refers to the positive or negative emotion in reaction to a 
presented stimulus [61]. In their valence evaluation (see Figure 3-21), users regarded the 
MMC (experimental e-learning interface) to be more positive and in their overall view 
rated the condition as moderately positive. Conversely, their overview of the NMMC 
(controled e-learning interface) was more negative and generally their rating ranged 
between neutral and slightly negative. The statistical tests conducted confirmed that the 
difference between their ratings for both conditions was significantly high. Users’ ratings 
were analysed and the test results are displayed in Figure 3-21.  
In their self-assesment users reported a positive emotion towards the MMC e-learning 
interface; their overall view is considered moderately positive; however, for the NMMC 
 
89 
it was more negative and the overall rating was above neutral and slightly negative.            
A two related samples Wilxocon ranked test (Z=-4.858, P=.000) shows that the difference 
in the percived valence is significantly high. Figure 3-22 accurately shows the trend of 
how the valence was percived. The layout of MMC graph line demonstrates that the 
majority of users rated the condition as moderately positive. On the other hand, users’ 
ratings for the NMMC fluctuated between negative and slightly negative emotions; the 
NMMC graph line layout and the area it covers indicate that users’ views ranged between 
neutral and slightly negative with a tendency towards neutral. The results are clearly in 
favour of the MMC, therefore H11, which states that the MMC will induce more positive 
valence, is accepted, and it is safe to conclude that the inclusion of multimodal 
communication metaphors (in the experimental condition) resulted in a more positive 
valence. 
Arousal: The term arousal in physiology and psychology refers to the state of being 
active when presented with a stimulus ,arousal indicates the strength of particular emotion 
[106] and results in an increased skin conductivity [107]. Arousal might be positively or 
negatively valenced according to the way in which they are perceived. Users’ subjective 
evaluation of the tested conditions was meaured using SAM scale and the results are 
presesented in Figure 3-23 show how users rated their arousal, which was stronger 
towards the MMC than the NMMC; thus, the difference in the rating of arousal between 
the two conditions is statistically significant. Figure 3-26 clearly shows how the rating of 
arousal was different, with that of the MMC extending from high to slightly high with a 
major tendency with significant agreement toward moderately high. User rating for the 
NMMC varied and fluctuated between low to moderately high with a tendency toward 
slightly high. Overall, users were more aroused by the MMC; therefore, H13, which states 
that users will be more alert and engaged while using the MMC, is partially accepted and 
it is possible to conclude that users’ perceived arousal increases were due to the inclusion 
of the multimodal interaction metaphores. 
Dominance: The term dominance can be viewed as the extent to which users assume 
control over reaction to move backward (are demotivated) or forward (are motivated) 
when presented with stimuli ,it can be described as a dominance-submission for a person 
in a given situation [109]. The results shown in Figure 3-24 indicate that the majority of 
users felt they dominated the tested conditions. The percentage was 79.5% in the MMC, 
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followed by 65.8% in the NMMC. The statistcal difference was significant between users’ 
ratings for both conditions. The results show that dominance rating for the MMC ranged 
between being in control to being moderately in control with some tendency toward 
assumed being fully in control. In the NMMC, users’ rating of dominance by the 
condition ranged from neutral to slightly assumed control. Overall, users felt more in 
control and engaged while using the MMC compared to the NMMC. With reference to 
the dominance and arousal testing results it is hence viable to conclude that H14 is fully 
accepted. The results of testing the aspects of users’ affective state (valence, arousal and 
dominance) clearly show that users’ affective state was more positive toward the MMC 
compared to the NMMC. Therefore, it is concluded here that the inclusion of the 
multimodal interaction metaphors made a positive impact upon user affective state. 
Consequently, H16 is fully accepted. 
 Holistic overview 
Assessing users’ affective state while they were interacting with the experimental 
conditions required a holistic overview taking into account the following variables: 
 User satisfaction (usability).  
 User experience in terms of attractiveness as well as pragmatic and hedonic 
qualities. 
 User biofeedback. 
 Arousal, valence and dominance (SAM). 
The mentioned variables, depicted in Figure 3-26, show that user ratings were in favour 
of the MMC. 
Users were more positive in rating their satisfaction with the MMC; their overall 
experience was very positive and they felt it was highly attractive. With regards to 
biofeedback, skin conductance was higher indicating a higher level of stimulation; skin 
temperature was slightly lower which indicates that the excitement was positive as 
slightly negative emotions are accompanied by increase in skin temperature [201]. 
Concerning SAM scale the results correlated well with the other variables; user rating of 
valence-arousal indicates that they were positively aroused. Concerning dominance, users 
were in favour of the MMC and they felt more in control; they felt they would like to 




Figure 3-26: The overall users’ affective state. 
 
 SUMMARY 
The first experimental study aimed at investigating the impact of including multimodal 
communication metaphors in e-learning interfaces on the perceived system usability, user 
experience and emotions. Based on the measured variables a total number of 16 
hypotheses were formulated accordingly to reveal the influence of using multimodal 
communication metaphors on e-learning interfaces. To meet the objectives of the study 
and test the hypotheses, an experimental e-learning platform was designed and 
implemented. The experimental platform included two conditions and adopted a within-
subject design whereby the same user experimented with both conditions; the assessment 
criteria involved measuring conditions’ usability and users experience and emotions. The 
data obtained from both tested conditions were analysed and compared. The results 
undoubtedly confirmed that, including multimodal communication metaphors vividly 
improved interface usability, enhanced user experience, and induced positive emotions. 
The experimental work results are summarized in the triple evaluation traffic light         






















































Figure 3-27: The triple evaluation traffic light. 
However, further investigation is needed to uncover the role each communication 
metaphor played in the perceived improvements and to answer the following questions: 
Which communication metaphor contributed more to the results?  
How can they be wisely utilized?  




4 EXPERIMENTAL PHASE II: MULTIMODAL COMMUNICATION 
METAPHORS DIFFERENTIATION 
 INTRODUCTION 
With reference to the perceived enhancement in the first experimental phase, this 
experiment aims to distinguish the impact of each communication metaphor used on the 
interface usability as well as user experience and affective state. It looks at which 
metaphor had a more positive impact on users and how they could be integrated to achieve 
optimal results. Accordingly, an e-learning experimental platform included five 
experimental conditions (auditory icons, earcons, music, facially expressive speaking 
avatar and recorded speech) in addition to a control condition (NMMC) was constructed. 
This setup was used to serve as a basis for the investigation. To insure the validity of the 
results and make sure that obtained results were not due to any prior experience, the 
second experimental phase involved a new group of 33 users (only 30 of them 
successfully completed the experiment and the rest were excluded from the evaluation). 
The group of users presented an opportunistic sample from De Montfort University, they 
were randomly selected volunteers and none of them had participated in the first 
experimental phase. Conditions’ usability, user experience and affective state were 
evaluated using subjective and objective approaches. 
Due to the size of the experiment and the purpose of clarity, we have chosen to present 
this experimental phase in three chapters:  
 Chapter 4 presents the conducted experiment in addition to the aims, objectives, 
hypotheses and results of the system usability evaluation. 
  Chapter 5 presents the user experience evaluation aims, objectives, hypotheses 
and results.  
 Chapter 6 introduces the evaluation aims, objectives, hypothesises and the user 
affective state evaluation results. 
 AIMS AND OBJECTIVES 
The principal aims of the experiment are to: 
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 Examine the influence each communication metaphor has on system usability 
(see Section 6.4 for the aims and objectives in details). 
 Investigate the impact of each communication metaphor on the overall user 
experience (see Section 5.1 for the aims and objectives in details).  
 Examine the impact of each communication metaphor on user affective state 
(see Section 6.1 for the aims and objectives in details). 
Satisfying the aims of this experiment requires meeting the following objectives:  
 Formulate experimental hypotheses (see Sections 4.3, 5.2 and 6.2).  
 Create an e-learning experimental platform with six conditions to execute the 
empirical investigation using the following setup: 
o Auditory experimental condition, the condition consists of auditory icons 
with text and graphics (see Section 4.5.1). 
o Avatar experimental condition, the condition contains facially-expressive 
speaking avatar with text and graphics (see Section 4.5.2). 
o Earcons experimental condition, the condition consists of earcons 
combined with text and graphics (see Section 4.5.3). 
o Music experimental condition, the condition includes classic music 
background with text and graphics (see Section 4.5.4). 
o Speech experimental condition, the condition includes recorded speech 
narrations in combination with text and graphics (see Section 4.5.5).  
o Control condition, the condition consists of text and graphics only (see 
Section 4.5.6). 
 Evaluate conditions usability (see Section 4.6). 
 Evaluate the user experience (see Section 5.4). 
 Evaluate the user affective state (see Section 6.4). 
 HYPOTHESES  
It is anticipated that the utilised communication metaphors will influence system 
usability, user experience, learning performance, affective state and a series of hypotheses 
have been formulated accordingly:  
 Usability hypotheses (see Section 4.6.2). 
 User experience hypotheses (see Section 5.2). 
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 User affective state hypotheses (see Section 6.2). 
 LEARNING TOPICS AND CONTENTS 
Selecting the learning topic took into account the fact that the targeted users are university 
students majoring in Computing, Engineering, Law, Health, and Social Sciences. To 
ensure data validity, a non-familiar learning subject was chosen (Earth Science) in order 
to give all participants an equal chance and provide consistent and accurate results. All 
topics presented were related and had the same level of length and complexity. The topics 
were: 
 Volcanoes (auditory condition). 
 The hydrosphere (music conditions). 
 The Earth’s internal structure (avatar condition). 
 Rock types (earcons condition). 
 The rock cycle (speech condition). 
 Mining geology (NMMC). 
 EXPERIMENTAL CONDITIONS 
 Auditory Icons Experimental Condition  
Encompasses a basic graphical user interface with animation accompanied by auditory 
icons. Auditory icons are the main communication metaphor being investigated in this 
part of the experiment. Auditory icons are naturally-occurring sounds extracted from a 
video recording of a volcanic eruption. The communication metaphor is played in the 
background while users navigate through the lesson (see Figure 4-1 A). The auditory 
icons are expected to make the lesson realistic and help users feel the real life situation. 
 Avatar Experimental Condition 
Consists of a graphical user interface combined with a facially expressive avatar (see 
Figure 4-1 B). Avatar is the main communication metaphor being utilized to deliver the 
learning topic in this experimental condition. It is anticipated that it will have a positive 
influence on users as it replicates a real-life classroom experience. 
 Earcons Experimental Condition  
This condition presents the learning material using text and graphics and employs earcons 




Figure 4-1: Screen captures from the tested conditions.




Users are requested to hover the mouse pointer over the written text and as they do so the 
keywords appears accompanied by an earcons alert and highlighted text boxes. Earcons 
are the main communication metaphor being investigated; they are expected to help users 
identify the main ideas presented and the essential keywords of the learning topic (see 
Figure 4-1 C). 
 Classic Music Experimental Condition  
This condition was constructed with a combination of a graphical user interface and 
classic music. Music is the interaction metaphor being investigated in this section. The 
interaction metaphor will be used as a background sound during the course of interaction 
between the users and the lesson. It is assumed that users will benefit from this metaphor, 
as it will enable them to relax and enjoy the topic (see Figure 4-1 D). The music used was 
composed in 1725 by Antonio Vivaldi and named La Primavera (Spring), it is part of his 
most famous work, the Four Seasons [202 and 203]. La Primavera was used by 
researchers to study the relation between music and emotion [204 and 205]. 
 Speech Experimental Condition 
In this condition, recorded speech is the main communication metaphor used to deliver 
the learning topic. It is combined with a synchronised graphical illustration and presented 
in a timely manner to achieve the best possible presentation (see Figure 4-1 C). It is 
presumed that this approach will help the users concentrate on the voice of the presenter 
as well as the illustration without being interrupted by having to read any text.  
 NMMC (Control) Condition 
This condition employs a typical graphical user interface to deliver the learning topic. It 
consists of text and graphics for illustration purposes (see Figure 4-1 E). This condition 
is controlled and to be used as a benchmark for comparing experimental conditions. 
 It is presumed that with this approach the multimodal platform will outperform the other 
experimental conditions and positively influence the condition’s usability, users’ 
experience and affective state. 
 Tasks and Variables  
In this experiment, there are a number of controlled and non-controlled variables, as listed 




  The study variables 















Procedure All the users were treated equally and to insure that: 
 The same procedure, hardware and software were used 
for the entire experiment with all the users. 
 Biofeedback device timing was synchronized with the 




All the learning topics presented in the experiment had the 
same: 
 Theme, length, complexity level and presented topic. 
Platform   Communication metaphors used to deliver the learning 
contents of each experimental condition were the same 
for all the users. 
 The experimented conditions were randomly presented 
and without any preference.  
Tasks  Number of tasks and complexity levels were the same 
for all users and tested conditions. 
 Number of allowed trials (all users were limited to one 
round to perform presented task correctly). 




 Number of questions. 
 Type and objectives of questions. 




 The same sensor was used throughout the trial. 
 The same types of physiological signals were measured 
















 Lesson completion time. 
 Task execution time (in terms of type and complexity). 
Task 
correctness 
 Measured in relation to task type and complexity level. 
Usability  Efficiency, effectiveness as well as user satisfaction 
and learning performance. 
User 
experience 
 Hedonic as well as pragmatic quality and 
attractiveness. 


















Six condition were used in the experimental platform: 
 Auditory icons experimental condition. 
 Music experimental condition. 
 Earcons experimental condition. 
 Avatar experimental condition. 
 Speech experimental condition. 
 NMMC control condition. 





 Questionnaires  
The users were requested to complete a set of pre-session and post-session questionnaires. 
 Users  
A total number of 33 users took part in the experiment. Two potential participants 
withdrew from the trial because of time constraints and other commitments; while another 
participant’s physiological data recording was not complete, therefore their input was 
eliminated. That brought the total number of users who successfully completed the 
experiment to 30. 
 Experiment Procedure  
All users were welcomed by the researcher and briefed about the experiment as well as 
their rights, privacy, data protection and university ethical code. The researcher made it 
clear to them that they poses the right to pull out from the trial at any point of time, without 
any obligations , the following steps were followed for each participant: 
1. The researcher briefed the users about navigation of the platforms as well as the 
steps involved to complete the experiment. 
2. Following that, all users were asked to wear the biofeedback device on the palm of 
their left hands for ten minutes prior to conducting the trial; this would establish a 
baseline measurement for each user. 
3. Next, prior to starting the experiment, the researcher started recording all the 
desktop activities; the records would be used for data collection. 
4. Users were requested to complete a questionnaire about themselves and their 
background; the information included their age, gender, education level, area of 
study, average use of computers and the internet, knowledge of the presented 
subject and average use of e-learning (see Figure 4-2). 
5. Upon completing the questionnaire and submitting the answers, users were 
requested to press the control button of the biofeedback device to mark their exact 
starting time.  
6. After marking the starting point, the user pressed next and proceeded to the first 
experimental condition which was randomly picked by the platform; this was done 




on the users (see Figure 4-3, which explains the navigation process of the 
experiment). 
 
Figure 4-2: Questionnaire to obtain users’ information. 
7. Once the user had completed the lesson, an instruction appeared on the screen asking 
them to press the biofeedback device’s control button to mark the completion point, 
and then they continued to perform the recognition and recall tasks. 
8. In the recall and recognition tasks, users were requested to answer two questions (easy 
and moderate) for each category in relation to the presented topic; once they had 
completed the fully performed the tasks immediate feedback was given. 
9. Next, users proceeded to the usability feedback where they had to answer a set of five 
satisfaction questions related to the tested condition. 
10. Then, users went on to use the AttrakDiff scale to reflect on their experience.  





Figure 4-3: Trial navigation. 
 Pilot Test 
In order to ensure the validity of the designed platform and identify any problems, which 
might arise during the actual trial, a pilot test was conducted with four volunteers. They 





 Completing the experiment required a very long time. 
 There were too many questions to answer for each tested condition. 
Consequently, a revised and shortened version of the platform was built. The post-
experiment satisfaction questionnaires were reduced for each condition, without 
compromising on their quality or objective. 
 Users’ Profiles 
All of the users were university students, 43.33% were undergraduates, 40% Master’s 
students and 16.67% PhD students. Of these, 80% were males and 20% females; 43.33% 
were aged between 18 to 24 years, 30% were aged 25-34 years, 23.33% were 35-44 
and3.33% were aged over 45 years (see Figure 4-4). All participants were regular 
computer users, the results indicated that 66.67% of them used computers for more than 
ten hours per week, 26.67% used them for between 6-10 hours a week and 6.67% used 
computers for less than 6 hours weekly.  
Similarly, regarding the internet, more than 70% used the internet for more than ten hours 
per week, while 20% used it for 6-10 hours and 6.67% used it for less than 6 hours weekly. 
With reference to the research area and the presented topic, more than three quarters had 
no knowledge of presented topic, 16.67% had only limited knowledge and less than 7% 
had good knowledge in the area.  
For the human computer interaction, half of the users had limited knowledge in the area, 
one third of the users had no prior knowledge, 13.3% stated that they had good knowledge 
and less than 7% described their knowledge as excellent. 
 Experimental Sessions  
The time spent on the experiment can be divided into three sections, pre-experiment, 
actual experiment and post-experiment time. The experimental sessions lasted between 
46:51 minutes and 67:20 minutes with a mean value of 56:00 minutes (see Figure 4-5, for 
the total accumulated experimental time). 
On average, users spent 08:07 minutes on the auditory icons condition, 07:51 minutes on 
the avatar platform, 07:35 minutes on the earcons condition, 07:24 minutes on the MMC, 
08:40 minutes on the music condition, 08:27 minutes on the NMMC and 07:52 minutes 
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Figure 4-5: Mean time spent per condition. 
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 USABILITY EVALUATION (EXPERIMENTAL PHASE II) 
 Aims and Objectives 
The principal aims of the experimental study concerning system usability are to examine 
the influence each communication metaphor has on system usability and accomplish the 
following:  
 Try six experimental conditions where communication metaphors were 
individually employed.  
 Examine the influence each communication metaphor has on system usability and 
find any significant differences between usability of the tested communication 
metaphors within the following areas: 
o Effectiveness. 
o Efficiency. 
o User satisfaction. 
o Learning performance. 
 Identify which condition achieved the highest performance in terms of system 
usability. 
To accomplish the aims of this experiment in investigating system usability, the following 
objectives have to be met:  
 Formulate usability experimental hypotheses.  
 Evaluate conditions usability by: 
o Measuring conditions’ efficiency by measuring the time taken by users 
to accomplish the presented tasks. 
o Measuring effectiveness by calculating the percentage of correctly 
completed tasks. 
o Measuring users’ satisfaction (using SUS combined with additional 
condition-tailored satisfaction statements). 
o Evaluating users’ learning performance within each tested condition (by 
comparing learning time and outcomes). 
 Statistically evaluate the results obtained from the experimental study to find out 
any significant difference between the tested condition and try to identify the 





It is anticipated that the utilized communication metaphors will influence the system 
usability, learning performance and users’ satisfaction. Accordingly, the following 
hypotheses have been formulated based on the selected evaluation criteria and the 
measured variables:  
H1: All the included communication metaphors will lead to improvements in the system      
efficiency.  
H2: The experimental conditions are equally efficient in terms of the time required to 
execute the presented tasks. 
H3: The inclusion of the various communication metaphors will improve the system 
effectiveness. 
H4: The experimental conditions are equally effective in terms of the number of correctly 
performed tasks. 
H5: The experimental conditions are equally effective and efficient in performing both 
recall and recognition tasks. 
H6: Individually utilized communication metaphors are equal competent in terms of their 
impact on users’ learning performance. 
H7: The experimental conditions will receive equal preferences in terms of user 
satisfaction. 
 Usability Evaluation Results  
 Efficiency 
Efficiency is measured by calculating the resources taken to achieve a particular goal. 
Participants in this experiment were requested to perform twelve tasks, six recall tasks 
and six recognition tasks. Furthermore, the tasks also varied in their complexity from easy 
to moderate and then difficult. Therefore, conditions’ efficiency is evaluated accordingly. 
The total mean time users needed to perform recall and recognition tasks is presented in 




NMMC (control condition) and the lowest time was recorded in the avatar condition. 
Overall, users spent more time on performing recall tasks than on recognition tasks. 
 
Figure 4-7: Time taken to perform recall and recognition tasks. 
Efficiency of Recall Tasks: Concerning time taken to perform recall tasks, it seems that 
this increased with the increase in task complexity. Overall, on average users performed 
the avatar condition related recall tasks in 19.50 seconds, followed by 20.91seconds for 
the music condition, 21.41 seconds for the speech condition, 22.41 seconds for the 
auditory icons condition and 23.09 seconds for the earcons condition which was the 
highest time recorded in the experimental conditions. The highest time, 24.67 seconds, 
was recorded in the control condition (NMMC) and it seems that the inclusion of 
communication metaphors lowered the time needed to perform the tasks presented and 
increased the conditions’ efficiency (see Figure 4-8).  
Efficiency of Recognition Tasks: In relation to the efficiency of conditions in 
performing recognition tasks, the overall trend in Figure 4-8 shows clearly that the time 
spent by users increased in line with the escalation in tasks’ complexity. Overall, the 
control condition (NMMC) in performing recognition tasks took the longest time at 23.66 
seconds, followed by 22.25 seconds in the earcons condition, 20.69 seconds in the speech 

























and the lowest time 18.22 seconds was taken in performing the avatar condition related 
tasks. 
 
Figure 4-8: The efficiency recall tasks. 
Figure 4-10, shows a comparison between overall task performance times in relation to 
task type; the general trend clearly indicates that the task performance time increased 
consistently with the increase in cognition load as performing recall tasks increased the 
time needed to perform the tasks. Tasks in the avatar condition were performed the fastest 
at 18.86 seconds followed by those in the music condition in 19.95 seconds, then 20.73 
seconds in the speech condition and 21.36 seconds in the auditory condition. The longest 
times were recorded in the earcons condition and the NMMC at 23.17 seconds and 23.73 
seconds respectively.  
It is worth mentioning here that the difference between users’ speed in performance recall 
tasks was less noticeable in the avatar and the speech conditions. It seems that the 
inclusion of avatar and speech communication metaphors improved users’ ability to 
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Figure 4-9: Recognition tasks efficiency. 
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 Statistical evaluation 
To examine whether there is statistical significance between the experimented conditions 
in terms of task performance efficiency, the overall task performance times between 
conditions will be examined using SPSS2013.  
To determine the proper statistical test there is a need to examine whether the data is 
normally distributed using the Shapiro-Wilk normality test, as the sample size is less than 
50, in addition to boxplots to determine whether there are outliers in the data.  
Normality Test: The results of the conducted Shapiro-Wilk normality test in Table 4-2 
clearly indicate that the data is normally distributed for all conditions (p>0.05). Since the 
experimental design uses within-users repeated measurements and the data is normally 
distributed, one-way repeated measures analysis of variance (ANOVA) test is the 
recommended test to be used to measure any differences in task performance efficiency 
within tasks. 




Statistic df Sig. Statistic df Sig. 
 Auditory .089 30 .200* .971 30 .573 
 Avatar .126 30 .200* .978 30 .767 
 Earcons .116 30 .200* .965 30 .420 
 Music .068 30 .200* .981 30 .839 
 Speech .112 30 .200* .967 30 .454 
 NMMC .110 30 .200* .975 30 .677 
 *. This is a lower bound of the true significance. 
 a. Lilliefors Significance Correction 
 
Table 4-2: Tasks efficiency normality test. 
To use a one-way repeated measures ANOVA test the data have to meet the following 
assumptions: 
 Have one dependent variable.  




 Have no significant outliers in the data. 
 Be normally distributed.  
 Have sphericity (the variances of the differences between all combinations of levels 
of the within-subjects variables must be equal).  
All the above-mentioned assumptions were met, consequently to test the data for 
sphericity assumption, “Mauchly's” test of sphericity is used and the result is presented 
in Table 4-3. The test result shows that sphericity assumption has not been violated           
(χ2 (41) = 18.443, p = .189).  
Mauchly's Test of Sphericitya 
Measure: Tasks’ Efficiency 
Within Subjects Effect Mauchly's W Approx. Chi-Square f Sig. 
Effectiveness .506 18.443  .189 
Tests the null hypothesis that the error covariance matrix of the 
orthonormalized transformed dependent variables is proportional to an identity 
matrix. 
a. Design: Intercept Within Subjects Design: Efficiency 
 
Table 4-3: Mauchly's test of sphericity. 
Consequently, it is appropriate to carry on using the one-way repeated measures ANOVA 
test. 
One-Way Repeated Measures ANOVA Test 




The one-way repeated measures ANOVA test was conducted and the full test results 




The test result indicated that, the difference (F (5, 415) = 125.481, p < .001) between the 
tested conditions in terms of their effectiveness in performing the presented tasks is 
statistically significant.  
Accordingly, the H0 is rejected and HA is accepted. Unfortunately, the one-way repeated 
measures ANOVA test did not show exactly where the difference lies or which condition 
was more effective. 
 
Table 4-4: One-way repeated measures ANOVA test result. 
To find which experimental condition contributed more to the perceived difference in the 
obtained result, the Bonferroni post hoc test is recommended by Maxwell & Delaney 
[202]. It tests the statistical significance difference in all possible pairwise combinations 
within-subjects measurements and provides confidence intervals for the mean difference 
for each pairwise. The post-hoc test results are presented in Table 4-5. For presentation 
reasons duplicated pairs were removed from the table.  
Overall, the difference between all conditions reached a statistically significant level 
except for two conditions, the NMMC (control condition) and the earcons condition. The 
results indicated that all communication metaphors improved task performance efficiency 
except for the earcons communication metaphor. Figure 4-12 presents, in the form of a 
graph, the means ranks of the tested conditions according to their efficiency. The most 
effective metaphor was the avatar, followed by the music, speech, and auditory icons 




















Auditory Avatar 2.492* .225 .001 1.773 3.212 
Earcons -.888* .189 .001 -1.492 -.283 
Music 1.402* .230 .001 .667 2.137 
Speech .701* .191 .014 .091 1.311 
NMMC -1.253* .199 .001 -1.889 -.617 
Avatar Earcons -3.380* .142 .001 -3.834 -2.926 
Music -1.090* .156 .001 -1.589 -.592 
Speech -1.791* .174 .001 -2.348 -1.234 
NMMC -3.745* .197 .001 -4.375 -3.116 
Earcons Music 2.290* .133 .001 1.864 2.715 
Speech 1.589* .148 .001 1.115 2.062 
NMMC -.365 .157 .412 -.869 .138 
Music Speech -.701* .149 .001 -1.178 -.224 
NMMC -2.655* .183 .001 -3.242 -2.068 
Speech NMMC -1.954* .174 .001 -2.512 -1.396 
 Based on estimated marginal means 
*. The mean difference is significant at the .05 level. 
b. Adjustment for multiple comparisons: Bonferroni. 
 
Table 4-5: Post-hoc test (pairwise comparisons) results. 
 

























Effectiveness refers to the correctness of performed tasks. Users were presented with two 
types of task, recall, and recognition. Both types of task were designed to have three levels 
of complexity ranging from easy to moderate and then difficult. The total score in each 
condition and the total scores for each task type and complexity level are depicted in 
Figure 4-12. Concerning the total scores for all types of task and complexity levels, the 
avatar condition achieved the highest score with 159 points while the lowest score was 
achieved in the earcons condition with 75 points (see Figure 4-14). 
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Recall Tasks Effectiveness: The results of the recall tasks are presented in Figure 4-14. 
Overall, the results can be categorized into two groups. In the first group, the effectiveness 
of conditions was better than the control condition (NMMC, the mean score was 52%), 
where on average the avatar condition score was 90%, followed by 70% for the speech 
condition and 63% for the music condition. The task effectiveness in the second group 
was less than that for the experimental condition with 47% for the auditory condition and 
only 40% for the earcons condition. With regard to task complexity, it is noted that 
conditions’ effectiveness decreased in line with the increase in task complexity; however, 
the decrease is less severe in the avatar condition. Figure 4-14 shows the effectiveness of 
conditions in performing recognition tasks. Overall, the least effective condition was the 
earcons condition which scored 46%, followed by the auditory condition with 52%.  
 
Figure 4-13: Conditions effectiveness in performing recall tasks. 
Both conditions were less effective than the control condition, which scored 56%. The 
remaining conditions were more effective in performing recognition tasks, with the avatar 























condition and 67% in the music condition. Concerning task complexity, the decline in 
effectiveness was consistent with increment of task complexity. 
 
Figure 4-14: Condition effectiveness in performing recognition tasks. 
Overall Task Effectiveness: Figure 4-15 shows the overall effectiveness of tasks in 
terms of experimental conditions that were more effective than the control condition 
(NMMC). The avatar condition was the most effective with a score of 73.33%, followed 
by 53.33% in the speech condition, then 43.33% in the music condition and 36.66% in 
the auditory condition. There was no improvement in the effectiveness of the earcons 
condition in comparison with the NMMC; both conditions were effectively equal with a 
score of 30%. Regarding condition effectiveness in relation to task types and cognition 
load, from the difference line graph in Figure 4-15 it seems that the increase in task 
cognition load had a negative impact on condition effectiveness except for the avatar and 
speech conditions where condition effectiveness was maintained in line with task 
























Figure 4-15: Overall tasks' effectiveness. 
 Statistical evaluation 
To examine whether there is statistical significance in the difference between 
the experimented conditions in terms of task performance efficiency, the overall 
task performance times between conditions will be examined using SPSS. To 
determine the proper statistical test, there is a need to examine whether the data is 
normally distributed.  
Normality test: Due to the sample size which is less than 50 , the Shapiro-Wilk normality 
test was used , the results in Table 4-6 plainly point out that the data is not normally 
distributed for all conditions (p<0.05). Consequently, to test the difference between 
conditions in terms of effectiveness, a non-parametric statistical test (related samples 
Friedman’s analysis of variance (ANOVA)) was used. The results of the test and the 
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Statistic df Sig. Statistic df Sig. 
Auditory  .207 30 .002 .891 30 .005 
Avatar  .284 30 .000 .774 30 .000 
Earcons  .234 30 .000 .871 30 .002 
Music  .378 30 .000 .720 30 .001 
Speech  .385 30 .000 .704 30 .001 
NMMC  .345 30 .000 .750 30 .001 
a. Lilliefors Significance Correction 
 
Table 4-6: Normality test of effectiveness. 
Effectiveness Related Samples Friedman’s ANOVA Test: There is a null hypothesis 
(H0) and an alternative hypothesis (HA) to test and they are stated below. 
H0: µAuditory=µAvatar=µEarcons=µMusic=µNMMC=µSpeech 
HA: µAuditory≠µAvatar≠µEarcons≠µMusic≠µNMMC≠µSpeech 
The Friedman's test result (χ2 (5) = 107.960, p < .0005.) showed a difference between 
conditions in their effectiveness. Therefore, the null hypothesis is rejected and the 
alternative hypothesis is accepted. A post-hoc test is needed to define the source of the 
variance. Pairwise comparisons were performed (using SPSS2013) with a Bonferroni 
correction for multiple comparisons (to avoid making type I error, which is very common 
in this scenario) and the results are presented in Figure 4-17 (gray denotes a statistically 
significant pairwise comparison). The post-hoc analysis revealed statistically significant 
differences in conditions’ effectiveness on three levels. The highest significance level was 
in the avatar condition (Mdn=83%, p<0.05) in comparison with the control condition 
(NMMC) and the rest of the conditions (with five significances). The second level 
includes the music  (Mdn=67%, p<0.05)  and speech  (Mdn=67%, p<0.05) conditions 
(with four significances) which were significantly different to the rest of the conditions; 
however there is no significant difference between the condition within the same level 




well as the earcons condition  (Mdn=41%, p>0.05) and the NNMC (Mdn=50%, p>0.05). 
The three conditions of avatar, music and speech were effectively alike, however they 
significantly differed from the other two conditions (for graphical illustration please refer 
to  Figure 4-17 in which significant differences are denoted in gray). With reference to 
pairwise comparison results, in addition to mean and medians rank, the avatar condition 
was the most effective, followed by the speech condition, then the music condition; these 
all performed better than the control condition (NMMC). The least effective condition 
was the earcons condition, followed by the auditory condition; these were both less 
effective than the control condition. Figure 4-18 ranks conditions according to their 
effectiveness. 
Effectiveness related samples Friedman’s ANOVA test  
 










Figure 4-18: Efficiency ranks. 
 Learning Performance  
Learning is a task that can be evaluated within two dimensions, learning time and learning 
outcomes. In relation to this study, these two dimensions are the actual learning time and 
task scores. Figure 4-19 shows the overall learning time and task scores for each tested 
condition. 
 






















































































For a better understanding of the relation between learning time and learning outcome, a 
scatterplot was produced (see Figure 4-20). 
 
Figure 4-20: Learning performance (learning time vs learning outcome). 
The figure shows that three conditions outperformed the NMMC (score = 51%, learning 
time = 352.83s) in learning performance; in descending order these are avatar condition 
(score = 88%, learning time = 291.23s), followed by speech condition (score=69%, 
learning time = 287.87s) and music condition (score = 67.32%, learning time = 321.09s). 
The conditions, which did not perform as well as the control condition, were the auditory 
condition (score=50%, learning time = 326.60s) followed by the earcons condition 
(score=69%, learning time = 287.87s) which was the least effective of all experimented 
conditions. To find the association between learning time and learning outcomes in 
relation to learning performance and condition type, the following two hypotheses were 
formulated: 
 Null hypothesis (H0): There is no correlation between learning time and outcomes. 
 Alternative hypothesis (HA): There is a correlation between learning time and outcomes. 
Pearson correlation analysis (SPSS 2013) was used to obtain the correlation coefficient and 
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correlation between learning time and outcomes in learning performance (r = -.823, ρ = 0.044) 
within the tested conditions. Consequently the HA is accepted and the H0 is rejected. The results 
indicate that increase in learning time did not result in improved outcomes, in fact the observed 
improvements can only be attributed to the use of the communication metaphors. 
Table 4-7: Pearson correlation analysis. 
 Users’ satisfaction 
 After the completing each one of the conditions, users were requested to complete a 
survey containing eight statements to evaluate their satisfaction. Seven of the statements 
were common to all conditions and one was condition-tailored to reflect its unique 
metaphor. 
 






















Users were given a four-point Likert-scale to rate each one of the statements (strongly 
disagree, disagree, agree and strongly agree) and the overall users’ satisfaction is 
presented in Figure 4-21. The satisfaction statements and their user ratings are presented 
below.  
Ease of Use: Users were asked to rate the perceived ease of use concerning each one of 
the experimented conditions. They considered the avatar condition (rated=3.67) to be the 
easiest to use, followed by the speech condition (rated= 3.20), then the music and NMMC 
conditions respectively. The lowest rating was for the auditory condition (rated=2.63) 
followed by the earcons conditions (refer to Figure 4-22). 
 
Figure 4-22: Ease of use. 
Learnability: When users were asked to rate how easy it was to learn to use each one of 
the experimented conditions, they perceived the avatar condition as the easiest              
(rated = 3.5), the most difficult was the auditory condition (rated=2.53) followed by the 
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Figure 4-23: Learnability. 
Convenience of use: When users were requested to rate how comfortable they were using 
each of the experimented conditions, they rated the avatar condition (rated=3.07) as the 
most convenient to use, followed by the music condition, then the speech and NMMC 
conditions respectively. The lowest rating was for the earcons condition (rated=1.47) 
followed by the auditory condition (refer to Figure 4-24). 
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Likability: When users were asked to rate, their liking of each of the investigated 
conditions, they gave the avatar condition as the most liked condition (rated=3.30), 
followed by speech and music and the NMMC conditions respectively. The lowest rating 
was for the earcons condition (rated=1.67) followed by the auditory condition (refer to 
Figure 4-25). 
 
Figure 4-25: Likeability.  
User engagement: When users were asked to value their engagement with each of the 
experimented conditions, users elected the avatar condition (rated=3.07) as the most 
engaging, followed by the speech and music conditions as they were relatively equally 
engaging. The next rank was for the NMMC condition (rated=2.27), trailed by the 
auditory condition and then the earcons condition (rated=1.50) which was seen as the 
least engaging condition (refer to Figure 4-26). 
Human-to-human communications : When users were asked to rate to what degree they 
did not miss human-to-human communication while using each of the experimented 
conditions, the worst rating was in the NMMC condition (rated=1.37) followed by the 
auditory condition, then the earcons and music conditions respectively. Users’ best rating 
was given for the avatar (rated=2.63) and the speech conditions correspondingly (refer to 
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Figure 4-26: Users engagement. 
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Satisfaction: When users were requested to rate how pleased they were with each one of 
the experimented conditions, they expressed more satisfaction (rated=3.03) with the 
avatar condition than any other, followed by the speech and music conditions which were 
considered equally satisfying. The next rank was for the auditory and NMMC conditions 
respectively. Out of all the tested conditions, users voted the earcons condition 
(rated=1.83) as the least satisfying (refer to Figure 4-28). 
 
Figure 4-28: Satisfaction. 
Condition specific statement: One of the satisfaction statements rated by users was 
specifically formulated in relation to the utilized communication metaphor                         
(see Figure 4-29).  
Users were relatively high in agreement with statements concerning all conditions; the 
statements and their rating are listed below in ascending order: 
 The NMMC statement (rated=2.63) “without sound I was able to concentrate” 
 The auditory icons condition statement (rated=2.8 ) “the sound made the lesson 
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 The earcons condition statement (rated=2.83 ) “the sound alerted me to the 
important points” 
 The music condition statement (rated=2.97 ) “the music helped me to concentrate” 
 The speech condition statement (rated=2.97 ) “without having to read texts, I was 
able to concentrate” 
 The avatar condition statement (rated=3.3) “the virtual lecturer helped me to 
understand” 
 
Figure 4-29: Condition specific statements. 
Figure 4-30 presents the overall user ratings for experimented conditions in comparison 
with the control condition (NMMC); from the illustration, the results can be classified 
into two categories. The first category includes the conditions which outperformed the 
control condition (avatar, speech and music) and the second category contains those 
which underperformed (earcons and auditory). To find whether the differences in users’ 
satisfaction between the tested conditions reached a significant level a statistical data 
































































Figure 4-30: Overall users’ satisfaction results. 
 Statistical evaluation 
When performing statistical analysis it is crucial to select an appropriate test according to 
the distribution of the data to be tested, therefore a normality test was performed using 
“Shapiro-Wilk” to check whether the satisfaction data was normally distributed. The 
result is listed in Table 4-8. 
Tests of normality 
Condition Kolmogorov-Smirnova Shapiro-Wilk 
Statistic df Sig. Statistic df Sig. 
Auditory  .145 30 .110 .951 30 .183 
Avatar condition .154 30 .069 .925 30 .037 
Earcons condition .175 30 .020 .933 30 .059 
Music condition .236 30 .000 .899 30 .008 
Speech condition .160 30 .049 .947 30 .144 
NMMC condition .238 30 .000 .858 30 .001 
a. Lilliefors Significance Correction 
 
Table 4-8: Normality test (users satisfaction data) results. 
The test results confirm that the data is not normally distributed and therefore a               
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number of samples. The related-samples Friedman's two-way Analysis of Variance 
(ANOVA) by rank is the recommended test to be used. The Friedman's ANOVA test 
result confirms that the differences between the tested conditions in terms of user 
satisfaction were statistically significant (χ2 (5) = 131.226, p < .0005.). For detailed test 
results, see Figure 4-31. Unfortunately, Friedman's ANOVA test did not show where the 
differences are among the tested conditions; consequently, a post-hoc test was needed, 
thus a pairwise comparison with Bonferroni adjustment for multiple comparisons was 
performed. 
Effectiveness related samples Friedman’s ANOVA test 
 
Figure 4-31: Users satisfaction related-samples Friedman's ANOA test. 
The full test results are presented in Figure 4-32 and the significant differences are 
denoted in gray. It is possible to divide the tested conditions into three levels. The first 
level includes the avatar condition with a higher number of significant differences than 









The second level includes the speech as well as the music conditions, both of which were 
significantly different from the other conditions (including the controlled ones); however, 
the difference between them did not reach a statistically significant level. The last level 
includes the earcons condition as well as the auditory condition and the control condition; 
these were significantly different from those in the above-mentioned levels and the 
differences among them did not reach a statistical significance. For a better understanding 
of the pairwise comparison, test results Figure 4-33 shows the conditions ranked 
according to users’ satisfaction means and medians in ascending order. 
 
Figure 4-33: Pairwise comparison (means and medians). 
 Discussion 
The assessment results reveal the impact that the employed communication metaphor had 
on usability of the tested conditions compared to the control condition. The results clearly 
show that using a particular communication metaphor could improve or deteriorate the 
overall system usability or some of its attributes. 
 Efficiency 
In terms of tasks’ efficiency, the results presented in Figure 4-10 indicate that using 
avatar, speech and music improved the overall system efficiency in performing the 
presented tasks. However, there were no significant variances due to the inclusion of 






































presented in Figure 4-8 as well as Figure 4-9 indicate that , the inclusion of the 
communication metaphors (avatar, speech and music) led to improvements in performing 
recall and recognition tasks. Furthermore, task performance efficiency increased with the 
increase in task cognition load (this is shown in Figure 4-10, as the decrease in differences 
between recall and recognition task efficiency). From the results it seems that ,the addition 
of the communication metaphors in the avatar experimental conditions aided the users to 
focus much better on the demonstrated information over the auditory channel while 
concurrently utilizing the visual channel to comprehend them [206]. The obtained 
outcomes proposed that using the facially expressive speaking avatar, classic music, 
recorded speech and auditory icons could be more efficient than using only the text with 
graphic metaphors (NMMC) “visual only and non-verbal” in the presentation of the 
learning topic in this experiment. There was only one exception to that in the earcons 
experimental condition, where it seemed that the inclusion of these communication 
metaphors was less efficient than the control condition; furthermore, the results showed 
that using earcons alone could have a negative effect on the system efficiency. This is in 
contrast to the result obtained in the first experimental phase (Chapter 3) where the 
earcons communication metaphor was utilized in a multimodal setup in conjunction with 
other communication metaphors. It is also worth mentioning here that, the observed 
improvements were not equal across all the experimental conditions; thus, partly 
accepting what has been hypothesized in H1 and rejecting what was predict in H2. 
 Effectiveness 
In the evaluation of including the communication metaphors on effectiveness, the results 
(Figures 4-12 and 4-15) show that the avatar, speech, music and auditory icons enhanced 
the overall task performance efficiency. Concerning effectiveness in relation to task type, 
the results shown in Figures 4-13 and 4-14 indicate that improvement in effectiveness 
was prominent in recall as well as recognition tasks and it is noted that with the inclusion 
of avatar communication metaphor the effectiveness increased with increased cognition 
loads in recall tasks. The experimental conditions effectiveness evaluation results have 
shown that utilizing additional communication metaphors to those of NMMC could assist 
users to perform better going through tasks with aggregated complexity, where extra 
information is conveyed and a lesser amount of cognitive-resources come to be obtainable 
while processing them [27]. The results obtained from experiment suggests that using 




working-memory to empower the user’s ability to process both auditory and visual 
information [207]. The results shown that the obtained improvements in terms of system 
effectiveness were not the same across all the experimental conditions, which indicate 
that communication metaphors were not equally effective therefore H3 is rejected. 
Furthermore, within the earcons experimental condition there were no noticeable 
improvements concerning system effectiveness in comparison to the control condition, 
therefore H4 is partially rejected. Concerning task type and users’ performance, the 
observed improvements varied among tasks in connection to their type and complexity 
levels and the utilized communication metaphor. In recognition tasks, there were 
noticeable improvements in users’ scores within the avatar, speech, classic music and 
recorded speech in comparison to the control condition, the highest improvement was 
attained within the avatar condition followed by the speech and classic music conditions 
while the least improvement was in the auditory icons condition. However, for the earcons 
condition performance in the recognition category it was disappointing and less than that 
for the control condition; it is worth mentioning here that improvements decreased as the 
complexity increased across all the exponential conditions. With regards to the recall 
tasks where the cognition load was higher, the experimental conditions with shown were 
persistent in their performance and coped well with the increased complexity levels of 
the presented tasks especially in the avatar experimental condition. it seems that the using 
the multimodal communication metaphors have the increased users ability to retain the 
presented the presented information longer with the exception to the earcons metaphor 
were users seemed to be anxious while they were in use; this indicates that users comfort 
can have an impact on their performances and their ability to retain or acquire 
information. Consequently, H5 is rejected. 
 Learning performance 
For the evaluation of interaction metaphors’ influence on users’ learning performance, 
Figure 4-19 depicting users’ learning time as well as their achieved scores indicates that 
there were improvements with the use of avatar, speech, and music communication 
metaphors. However, there were no visible enhancements while using auditory icons and 
a decrease in learning performance with the use of earcons. In addition, the correlation 
results in Figure 4-20 clearly confirm that the observed enhancements were due to the 
inclusion of the communication metaphors and not to the increase in the learning time in 




The obtained improvements in the learning performance can be attributed to the 
multimedia-principle [208] [209]; where encompassing additional human senses to the 
visual channel in the communication route possibly will help in widening the working 
memory’s capacity and reducing the learning time; subsequently, the users’ ability to 
observe and apprehend the communicated information can be enhanced. With reference 
to the results obtained in this evaluation category, what was hypothesised in H6 is 
rejected. 
 User satisfaction  
Concerning users’ satisfaction, the inclusion of the communication metaphors (avatar, 
speech and music) was very positive ( see Figures 4-21 and 4-30) It is also noted that 
regarding the avatar communication metaphor, users’ missing of human communication 
was less severe than in other metaphors followed by the speech and music metaphors 
respectively. On the other hand, with other communication metaphors (earcons and 
auditory) users were less satisfied in comparison with the control condition. The biggest 
downfall for these metaphors was noted in the areas of “convenience of use”         
(Figure 4-24), “likeability” (Figure 4-25) and “engagement” (Figure 4-26) and “human 
communications” (Figure 4-27).   
Ease of use: Users rated the experimented conditions concerning their observed ease of 
use and the results are depicted in Figure 4-22. All the experimented conditions were 
praised in this category, where the experimental conditions can be congregated into two 
groups. The first group contains two conditions (earcons, auditory icons) where 
experimental conditions’ “ease of use” was rated as less than the control condition and 
the second group of conditions (avatar, recorded speech and classic music) were rated 
higher. There was 91% agreement among users that the avatar condition was the easiest 
to use, followed by the speech condition with 80% rating and the classic music condition 
with 75.8% in that order. The lowermost ranking was given to auditory with 65.8% trailed 
by the earcons conditions with 67.5%; the evaluation results obtained from the users’ 
point of view clearly indicate that using certain communication metaphors could improve 
or worsen users’ satisfaction with the system’s perceived ease of use.  
Learnability: Users rated how easy it was to learn to use each experimental condition. 
The results presented in Figure 4-23 show the avatar condition as the easiest to learn with 




condition with 70% agreement. On the other hand there was no difference observed with 
the earcons condition in comparison with the control condition where both scored 
66.75%, while the most difficult to learn condition proved to be the auditory one with 
63.25% rating. The results clearly show that using certain communication metaphors 
could help to improve system learnability. 
Convenience of use: Referring to Figure 4-24, which shows how comfortable users were 
using each of the experimented conditions, it can be seen that some conditions performed 
better than the control condition while others performed worse. The lowest ranking was 
for the earcons condition at 36.75%, followed by the auditory condition, which was rated 
50.80%; both conditions were shown to be less convenient to use than the control 
condition, which was much higher at 65.75%. Users elected the avatar condition as the 
most convenient condition to use with 76.80% rating, followed by the classical music 
condition that received 75% rating and speech condition, which scored 74.23% in this 
category. The results obtained in this satisfaction class clearly indicated that utilizing 
particular communication metaphors could make the system a convenient smooth 
experience or an annoying and uncomfortable one. 
Likability: Figure 4-25 shows users’ interests and to what extent they liked each of the 
inspected conditions. They rated the avatar condition as the most preferred condition 
(rated=82.5%), followed by speech (rated = 74.25%) and classical music (rated = 72.5%). 
The auditory icons and the control condition were equally rated (rated = 55%) and the 
lowermost rating was for the earcons condition (rated = 41.75%). The assessments in this 
satisfaction category clearly designated that the inclusion of certain communication 
metaphors could help improve users’ fondness of the system. 
Engagement: Figure 4-26 presents how users perceived their engagement with 
experimented conditions. They rated the avatar condition (rated = 76.75%) as the most 
engaging condition, followed by the speech and music conditions as they were relatively 
equally engaging and performed much better than the control condition.  
The next rank was for the control condition (rated = 56.75%), followed by the auditory 
condition (rated = 56.75%) and then the least engaging condition (rated=37.50%). The 
outcomes of this satisfaction category assessment clearly show that using some 




presented to them, which could greatly affect their performance as well as their long-term 
adoption of such a system 
Human-to-human communications: Users rated to what extent they felt isolated and missed 
human-to-human social skills while experimenting with presented conditions and the results were 
presented in Figure 4-27. The condition where users had the worst experience was with the 
control condition (rated = 34.25%); all the experimental conditions outperformed the control 
condition in this satisfaction category. In comparison to control condition, auditory condition was 
rated 5% higher, then the earcons condition 6.5% higher and the music conditions 12.5% higher. 
Users’ best rating was given for the avatar condition, which scored 31.5% higher than the control 
condition followed by the speech conditions, which scored 18.25% higher. The results clearly 
indicated that using certain communication metaphors could be used to some extent to 
compensate for the absence of human-to-human social skills while interacting with the system. 
Condition specific satisfaction statement: Figure 4-29 presents the users satisfaction with 
specifically formulated satisfaction statements related to the type of communication metaphor 
utilized in each experimental condition. Users were relatively high in agreement with statements 
regarding all conditions; concerning the control condition users (with 65.75% agreement) thought 
that without sound they were able to concentrate better. In the auditory icons condition statement 
(with 70% agreement) users thought that the addition of auditory icons made the lesson more 
realistic. With regards to the earcons condition statement, users thought (with 70.75% agreement) 
that the earcons alerted them to the important points. In the music condition statement, users 
assumed (with 74.25% agreement) that, the music helped them to relax and concentrate. 
Concerning the speech condition statement, users thought with same level of agreement that 
without having to read texts, they were able to concentrate better. Concerning the avatar condition 
special satisfaction statement, users thought with (82.50% agreement) that the virtual lecturer 
helped them to understand the presented learning topic. The obtained results clearly indicate that 
each communication metaphor has a unique feature that could be used to improve the system 
usability, even for those metaphors that did not perform well in other satisfaction categories, when 
they were used in the first experimental phase (3.0) in conjunction with other communication 
metaphors they performed well. The results indicate that certain interaction metaphors could 
perform better when they are utilized in a multimodal communication metaphor scenario. 
Overall users’ satisfaction: Users were requested to rate their approval and satisfaction 
with each experimented condition and the results are depicted in Figure 4-29. Users 
voiced the highest satisfaction for the avatar condition (75.75%) followed by the speech 




next in the rank and 1.8% higher than control condition (57.50%). Overall, the earcons 
condition was the least satisfying condition and was rated 11.80% lower than the control 
condition. The results clearly indicate that the use of certain communication metaphors 
could be utilized to improve users’ satisfaction with the system, which would have a 
positive impact on their performance as, was clearly shown in the results seen in sections 
4.6.3.1, 4.6.3.3 and 4.6.3.5. Based on the aforementioned results what was hypothesised 
in H7 is rejected. 
 SUMMARY 
A usability evaluation study was conducted for an e-learning platform with five different 
experimental conditions (each condition dominated by a single interaction metaphor) in 
addition to one control condition. The aim of the study was to investigate the impact of 
each metaphor on the system’s overall usability. Usability was evaluated in four areas 
(efficiency, effectiveness, learning performance and users’ satisfaction). The evaluation 
method involved calculating users’ learning times, task performance times, task 
performance scores and subjective responses to the satisfaction statements. The best 
usability improvements were perceived when using the avatar interaction metaphor, 
followed by the recorded speech, then the music metaphor and then the auditory icons. 
The least usability was witnessed while using the earcons metaphor. Furthermore, the 
results show that certain communication metaphors, such as the facially expressive 
speaking avatar, recorded speech and classical music are of great help to system usability 
and it would be useful to include them more often. Nonetheless, other metaphors (auditory 
icons and earcons) should be used with caution due to their acoustic strength, which might 
hinder system usability and result in a negative impact on users’ learning performance. 
The results clearly show that system usability and users learning performance could 
significantly improve with the inclusion of additional communication metaphors, where 
more human senses are employed to communicate with the user. Furthermore, with 
reference to the results obtained while using earcons as the dominating communication 
metaphor in comparison with the results obtained in the first experimental phase, the 
results show that employing a multimodal metaphoric approach could be more beneficial 
and reduce the side effects of over using one or more of the interaction metaphors. The 
results in other evaluation areas presented in Chapter 5 and Chapter 6 will shed more light 




affective states. The overall usability results are summarized in the usability traffic light 
(see Figure 4-34). 
 







5 USER EXPERIENCE EVALUATION (EXPERIMENTAL PHASE II) 
 
User experience evaluation aims at assessing the experienced conditions in terms of 
usefulness, user-friendliness, stimulation and attractiveness. User experience is evaluated 
within three dimensions, pragmatic quality, hedonic quality (identification and 
stimulation) and attractiveness.  
User experience evaluation differ from usability evaluation (Chapter 4) because it goes 
beyond the traditional concept of user satisfaction in usability evaluation to a more 
holistic overview exploring the aspects of the experimented conditions in terms of their 
attractiveness ,pragmatic and hedonic user experience. 
 AIMS and OBJECTIVES 
The principal aims of the experiment within the user experience dimension are to: 
 Investigate the impact of each investigated communication metaphor on the 
overall user experience.  
 Test five experimental conditions where communication metaphors are 
individually employed. 
 Assess users’ pragmatic experience with each experimented condition. 
 Assess users’ hedonic experience within each experimented condition. 
 Assess the experimented conditions’ attractiveness. 
 Test whether there are any significant differences between the experimented 
conditions within the users’ in terms of : 
o Pragmatic user experience. 
o Hedonic user experiences. 
o Attractiveness. 
 Identify which condition achieved the highest performance in terms of user 
experiences. 
Accomplishing the aims of this experiment requires that, the following objectives are met:  
 Formulate user experiences experimental hypotheses.  




o Auditory condition. 
o Music condition. 
o Earcons condition.  
o Avatar condition. 
o Speech condition. 
o Control condition. 
 Measure the user experience of the tested conditions in terms of their perceived: 
o Pragmatic quality. 
o Hedonic quality-identification. 
o Hedonic quality-stimulation.  
o Attractiveness.  
 HYPOTHESES  
It is anticipated that the utilized interaction metaphors will have an equal positive 
influence on users’ experience and the following hypotheses have been formulated 
accordingly:  
H1: The experimental conditions will receive equal preferences and rating in their 
provided pragmatic user experience measurements. 
H2: The experimental conditions will receive equal preferences, users identification and 
rating in terms of their provided hedonic user experience. 
H3: The experimental conditions will receive the same preferences as well as users’ 
stimulation and rating within their provided hedonic user experience. 
H4: The experimental conditions will be equally appealing and attractive in their provided 
user experience measurements. 
 METHOD OF INVESTIGATION 
The investigation method adapted in this research to assess users experience was 
subjective in nature utilizing AttrakDiff ™ instrument [15, 210]. Assisted by pairs of 
opposite-words, users indicated their experience with the tested conditions within        
three-targeted areas, which include pragmatic as well as hedonic qualities and 
attractiveness. AttrakDiff reports the mean value of the hedonic and pragmatic quality 




which are denoted along the vertical axis, whereas the horizontal axis denotes pragmatic 
quality estimated value.  
According to the dimensions values a particular condition is placed in one of the 
“character-regions”. 
AttrakDiff confidence rectangle: the larger the rectangle is the less sure one can be as to 
which region it belongs. A small confidence rectangle is an advantage because it means 
that the investigation results are more reliable and less coincidental. The confidence 
rectangle shows if the users are at one in their evaluation of the platform).   
 EVALUATION RESULTS 
 Auditory Icons Condition User Experience 
The auditory icons condition was rated, as neutral”, pragmatic quality is clearly the 
classification. Users were assisted by the condition; on the other hand, the rating of 
pragmatic quality just meets the ordinary levels (see Figure 5-1). 
 
Figure 5-1: PQ and HQ medium values (auditory icons condition). 
Thus, there is an opportunity for enhancement within the pragmatic dimension. 
Concerning the hedonic quality, the condition is positively classified. The users were 
stimulated by it; though, the scored hedonic value is only reaches the average values. 




Having a size and direction of the confidence rectangle indicates that, users were at large 
agreement in their rating of the condition’s pragmatic quality than their rating of hedonic 
qualities.  
 Auditory icons mean values 
The mean values of the AttrakDiff  dimensions for evaluating auditory icons are depicted 
in Figure 5-2. Here, the stimulation and identity aspects of hedonic quality are 
distinguished between. Additionally, the rating of the condition’s attractiveness is 
presented. 
 
Figure 5-2: Mean values (auditory icons condition). 
Hedonic quality – identity: This condition is positioned within the average region; users 
identified with condition which in this category meets ordinary standards. To strive and 
encourage the user to continue using it an enhancement is obligatory. 
Hedonic quality – stimulation: The auditory icons condition is situated within the 
average region, it satisfies ordinary standards; nevertheless to motivate, captivate and 
stimulate users even more intensely, there is a need for further improvement.  
Attractiveness: The attractiveness score is positioned within the average region. The 
overall assessment of the condition within this category is neutral. 
 Auditory Icons (description of word-pairs) 
The condition users rating of the word-pairs are presented in Figure 5-3, the figure clearly 























Figure 5-3: Word-pairs (auditory icons condition). 
With regards to auditory icons’ PQ, to some extent users connected well with this 
condition, their rating was slightly above average, they thought it was slightly simple, 
practical, clear and manageable. With regards HQ-I users from their experience thought 
thee condition was professional, to some degree stylish, premium and presentable. 
Concerning HQ-S, users were marginally stimulated by the condition; they considered it 
to be creative, bold, innovative and pleasant. In terms of condition attractiveness, it was 
rated slightly above the average, considered to be pleasant, likable, useful and not 
discouraging. 
 Avatar condition User Experience 
The avatar condition was rated as “rather desired”; users were assisted by the condition 
and pragmatic quality is clearly the classification; the value of pragmatic quality was 
higher than the average value. However, still there is an area for improvement in terms of 
































































































































































































































































































































































































Figure 5-4: PQ and HQ medium values (avatar condition). 
With regards of hedonic quality, the classification clearly applies to the condition. Users 
deemed it as highly hedonic. Users identified themselves very well with the condition and 
were highly encouraged and stimulated by it.  
The small size of the confidence rectangle clearly indicates that users were at one in their 
rating of the condition.  
 AVATAR Mean Values 
AttrakDiff  dimensions mean values for the avatar condition are shown in Figure 5-5, 
which distinguishes between the hedonic quality aspects of stimulation and identity. 
Moreover, the condition attractiveness score of is presented. 
Hedonic quality – identity: this condition is placed in the above-mean region. It offers 
users with identification and consequently binds them to the condition. Overall, within 
the identity aspects, this condition is deemed as optimal.  
Hedonic quality – stimulation: this condition is placed in way higher position than 
average. It motivates users, awakes interest and inspires them. Overall, with regards to 
this category, this condition is classified as optimal.  
Attractiveness: This condition’s attractiveness score is placed in apposition higher the 





Figure 5-5: AttrakDiff dimensions’ mean values (avatar condition). 
 Description of Word-Pairs 
Figure 5-6, clearly shows the areas which are well addressed or in need of an urgent 
consideration. 
 














































































































































































































































































































































































































Concerning the avatar condition PQ, users connected very well with this condition as they 
thought it was more human than technical, their rating was high and they thought it was 
simple, useful, vibrant and manageable. With respect to the condition’s HQ-I, users rated 
their experience as with high identification, they thought it was professional, very stylish 
and exceptionally presentable. Concerning HQ-S, users were highly stimulated by the 
condition; they thought of it as innovative, bold, captivating, novel and pleasant. In terms 
of condition attractiveness, it was rated as highly attractive, pleasing, friendly, beneficial 
and encouraging. 
 Earcons Condition User Experience 
This condition was rated as “neutral”. The classification pragmatic quality is the 
classification. The users were slightly aided by the condition; conversely, the value of 
pragmatic quality was just below average. Subsequently, at hand there is definite 
opportunity for enhancements, (see Figure 5-7). Concerning the condition hedonic 
quality, it did not fit the classification. Users were stirred by it; however, the hedonic 
value was below average. Therefore, within this category there is a large room for 
improvements. The confidence rectangle is large and crosses to another character region; 
this indicates that, users rating for the condition within this category widely varied, user 
were not in agreement over their rating of the conditions’ hedonic quality. 
 




 Mean values of users experience 
The mean scores of the AttrakDiff measurements for the earcons condition are shown in 
Figure 5-8, in which, the stimulation and identity aspects of hedonic qualities are 
distinguished. Furthermore, the rating of attractiveness is presented.  
Hedonic quality – identity: This condition is positioned below the average region and it 
is in need for urgent attention. To bind the user to this condition, improvement is 
necessary.  
Hedonic quality – stimulation: This condition is placed within the average region and 
it just met ordinary standards. To motivate, absorb and stimulate users further 
improvement is necessary.  
Attractiveness: This condition’s attractiveness value is located way below the average. 
The whole impression of the condition is unattractive. 
 
Figure 5-8: AttrakDiff dimensions’ mean values (earcons condition). 
 Earcons Description of Word-Pairs 
The mean values of the word-pairs are presented here. These show which features are 
critical or well-resolved (see Figure 5-9). Concerning earcons’ condition PQ, users rating 
was below average, to some extent users did not connect well with this condition, they 
thought it was technical, cumbersome to use, impractical and unruly. Regarding HQ-I, users 
thought the condition was isolating, to some degree unprofessional, tacky, cheap and 





















ordinary, slightly dull and cautious. In terms of condition attractiveness, it was rated 
below the average, it was considered unpleasant, ugly, rejecting and discouraging. 
Accordingly, the condition is in an urgent need for revision. 
 
Figure 5-9: AttrakDiff word-pairs (earcons condition). 
 Classic Music Condition User Experience 
The music condition was deemed as confidently “neutral”. The classification of pragmatic 
quality is evident. The users are helped by the condition; however the value of pragmatic 
quality was moderate; accordingly, there is room for improvement within this category 
(see Figure 5-10). In terms of hedonic quality, the character classification applies 
positively. The users were stimulated by this condition; however, the hedonic value is 
moderate. There is possibility for expansion within this category. The confidence 






























































































































































































































































































































































































 Mean values of users experience 
The mean values of the AttrakDiff  dimensions for the classic music condition are 
illustrated together in Figure 5-11, in which the stimulation and identity aspects of 
hedonic quality are distinguished. Furthermore, within users ranking of the condition, 
attractiveness was found to be the highest and most appealing dimension. 
 
Figure 5-10: PQ and HQ medium values (music condition).  
 
Figure 5-11: AttrakDiff dimensions’ mean values (music condition). 
Hedonic quality – identity: This condition is placed in the above average region and 





















standards; to bind the user more strongly to the condition further improvement is 
necessary. 
Hedonic quality – stimulation: This condition is placed in the mean region. It meets 
ordinary standards; to motivate attraction and stimulate users even more intensely further 
improvement is necessary.  
Attractiveness: This condition’s attractiveness score is placed in the above average 
region; the total impression of the music condition is moderately attractive. 
 Classic Music Description of Word-Pairs 
AttrakDiff word-pairs are presented in Figure 5-12 , this show that the areas, which were 
mainly critical or overall, were well resolved. 
 
Figure 5-12: AttrakDiff word-pairs (music condition). 
With regards to the classical music condition, the condition perceived PQ, to some extent 






























































































































































































































































































































































































rating was above average, and they thought it was simple, practical and straightforward. 
Concerning HQ-I, users rated the condition as connective, professional, stylish, 
integrating and presentable. In relation to HQ-S, users were enthused by the condition; 
they considered it to be creative, bold, innovative and pleasant. In terms of condition 
attractiveness, it was rated above average, considered to be pleasant, likable, tempting, 
useful and inspiring. 
 Speech Condition User Experience 
The speech condition was ranked by the users as “task-oriented”. Pragmatic quality is 
precisely the classification. It is pragmatic and the condition optimally assisted its users. 
The pragmatic quality was moderate; therefore, there is possible room for enhancements 
within this category (see Figure 5-13). In terms of hedonic quality, the character 
classification applies positively. The users were encouraged by the condition; however, 
the hedonic value is only above the average value, subsequently there is opportunity for 
enhancements. The confidence rectangle is small within the pragmatic dimension and 
stretched within the hedonic side; users are at one in their evaluation of the pragmatic 
quality while they were in less agreement on their rating of the hedonic quality. 
 
Figure 5-13: PQ and HQ medium values (speech condition). 
 Mean values of users’ experience 
The mean values of the AttrakDiff noutaulave dimensions for the condition are shown in 
Figure 5-14 in which, the stimulation and identity aspects of hedonic qualities are well 




Hedonic quality – identity: This condition is placed in the mean region. It provides the 
user with identification and thus meets ordinary standards. To bind the user more strongly 
to the speech condition, improvement is necessary. 
Hedonic quality – stimulation: This condition is positioned above the average region. 
It meets normal standards; to inspire and stimulate users, additional improvements are 
needed.  
Attractiveness: The condition’s attractiveness score is placed in the middle region. The 
overall impression of this condition is moderately attractive. 
 
Figure 5-14: AttrakDiff dimensions’ mean values (speech condition). 
 Description of Word-Pairs 
The mean values of the word pairs are presented in (see Figure 5-15), The results show 
which characteristics are particularly critical or particularly well resolved With respect to 
the speech condition’s perceived PQ, to some degree users connected well with this 
condition, their rating was above average, they thought it was simple, practical, clear, 
straightforward and manageable. Concerning HQ-I, users thought the condition was 
professional, to some degree stylish, premium and presentable. Concerning HQ-S, users 
were stimulated by the condition; they considered it to be creative, bold, innovative and 
pleasant. In terms of condition attractiveness, it was rated above average; it was 






















Figure 5-15: AttrakDiff word-pairs (speech condition). 
 NMMC (Controlled) Condition User Experience 
The control condition in terms of pragmatic quality was valued “neutral”. In terms of 
hedonic quality, it was deemed “superfluous”.  
 





























































































































































































































































































































































































The users were assisted by it, however the value of pragmatic quality only reaches average 
value; consequently there is a chance for large improvements improvement within this 
category terms of usability (see Figure 5-16). Concerning the hedonic quality, the 
character classification clearly does not apply because the confidence interval spills out 
over the character zone. The rating within this dimension was poor and users could 
identify with it nor were they inspired by it. Clearly, there is an urgent for this condition 
to this condition to undergo a makeover. The confidence rectangle is small, that indicates 
users were in less agreement on their assessment of hedonic quality than what they did 
for pragmatic quality.  
 NMMC Mean values of users experience 
The means values of the AttrakDiff dimensions for the condition are shown in Figure 
5-17, in which the stimulation and identity aspects of hedonic qualities are distinguished 
between. Furthermore, the rating of attractiveness is presented. 
Pragmatic quality: The condition score within this dimension was its best performance 
area, it was deemed above the average, however still there is a large room for 
improvements  
Hedonic quality – identity: This condition is placed below the average region and t 
struggles to meets the ordinary standards. To bind the user to the condition, improvement 
must be made. 
Hedonic quality – stimulation: This condition is placed way below average value. It 
does not have a stimulating effect on users. Inadequate motivation results in a lack of 
drive to use the condition. This condition is in urgent need of revision.  
Attractiveness: This condition’s attractiveness value is placed in the below-average 
region; the whole impression of the condition is unattractive. 
 Description of Word-Pairs 
The mean values of the word pairs are presented here. The results show which 
characteristics are particularly in need of urgent attention or particularly well resolved 
(see Figure 5-18 ). Concerning NMMC condition’s PQ, users rated them above average 
with one exception were it was viewed to be more technical than human; they thought it 
was simple, practical, clear and manageable. With regards HQ-I, users thought the 




to be presentable. Concerning HQ-S, users were not stimulated by the condition; they 
considered it to be extremely conventional, cautious, unadventurous and ordinary. With 
respect to the conditions’ attractiveness, it was rated below average, considered ordinary, 
disagreeable, ugly and discouraging. 
 
Figure 5-17: AttrakDiff dimensions’ mean values (NMMC condition). 
 














































































































































































































































































































































































































 Statistical Data Analysis 
This analysis aims to find out whether the perceived differences among the tested 
conditions in users’ experience have any statistical significance. To select an appropriate 
statistical test, the data was tested to find if it was normally distributed. 
 Normality Test 
The user experience data was tested for normality using the “Shapiro-Wilk” test (see 
Table 5-1). The results obtained show that not all data was normally distributed, taking 
into account the following: 
 The study uses a repeated within-subjects measurements 
 The data to be compared is not normally distributed 
 Related samples Friedman’s two way analysis of variance (ANOVA) by ranks 
test, which is a non-parametric test was used to measure the differences between 
the tested conditions in terms of user experience. 
 
Table 5-1: Users’ experience normality test. 
 Friedman’s ANOVA Test 
There is a null hypothesis (H0) and an alternative hypothesis (HA) to test and they are 
stated below: 




Statistic df Sig. Statistic df Sig. 
Auditory  .102 30 .200
*
 .973 30 .618 
Avatar  .158 30 .055 .897 30 .007 
Earcons  .115 30 .200
*
 .955 30 .228 
Music  .188 30 .008 .888 30 .004 
Speech  .159 30 .051 .933 30 .058 
NMMC  .115 30 .200
*
 .952 30 .189 
*. This is a lower bound of the true significance. 




 H0: µAuditory=µAvatar=µEarcons=µMusic=µNMMC=µSpeech 
 HA:  µAuditory≠µAvatar≠µEarcons≠µMusic≠µNMMC≠µSpeech 
The Friedman's test result (χ2 (5) = 111.846, p < .0005.) shows that the difference between 
conditions in their provided user experience is statistically significant. Therefore, the null 
hypothesis is rejected and the alternative hypothesis is accepted (for detailed test results 
see Figure 20).  
The Freidman’s ANOVA test did not show where the difference lies so to find that, a 
post-hoc (pairwise comparison) test is needed. The test was executed and the results are 
presented in Figure 5-20, the significant differences are denoted in gray. 
 









In order to understand the differences perceived in pairwise comparison between the 
tested conditions in the quality of their provided user experience, the conditions are 
ranked accordingly in Figure 5-21. The most significant difference was observed between 
the avatar condition, followed by the speech and music conditions. The least differences 
were noticed between the earcons condition, the auditory condition, and the NMMC 
condition. Furthermore, the figure shows that, in terms of user experience the highest rank 
was for the avatar condition followed by the speech condition, then the music condition, 
then the auditory condition and then the NMMC. The lowest rank in terms of user 
experience was for the earcons condition, which was the only condition ranked below the 
control condition. 
 
Figure 5-21: User experience (pairwise comparison) ranks. 
 DISCUSSION 
To assess the impact of each individual communication metaphor used in the experiment 
on the overall user experience and how each one was perceived by the users, the results 
obtained in each experimented condition are discussed in comparison with the control 















































 Auditory Icon Condition vs. NMMC Condition 
Figure 5-22 shows both auditory and control condition presented against each other. 
Overall, users had a positive view of the auditory icon condition; the noticed 
improvements over the control condition can be attributed on to the use of auditory icons 
communication metaphor. With reference to the results obtained in Figure 5-3, they 
considered it to be pragmatically above average. To some extent, users related to this 
condition, they rated it as to some extent simple, practical, clear and manageable. In terms of 
hedonic qualities (HQ-I) and (HQ-S) they were stimulated and identified with it. They 
thought the condition was professional, to some extent stylish, premium and presentable.  
 
Figure 5-22: Attrakdiff (auditory icons vs NMMC). 
Users were slightly enthused by the condition; they considered it innovative, bold, and 
slightly pleasant. In terms of condition attractiveness, it was rated slightly above average, 
considered agreeable, useful and they were not discouraged by using it. With regard to 
attractiveness (ATT), users found it somewhat attractive. Overall the auditory icons 
surpassed the NMMC in terms of hedonic (HQ-I, HQ-S) quality and attractiveness. The 
only exception was in the pragmatic quality class where it was rated as less pragmatic. It 
seems the use of auditory icons improved the condition’s hedonic value and made it more 
attractive and appealing to the users.  
 Avatar condition vs NMMC condition 
The results from the avatar condition is depicted, together with those obtained from the 
control condition, in Figure 5-23 the results clearly show that the experimental condition 






























improvements can only be attributed to employment of the avatar interaction metaphor. 
With reference to the results in Figures 5-4, 5-5 and 5-6 the avatar condition was 
positively rated by all of the users and they considered it highly pragmatic. Users related 
very well to the avatar condition, as they believed it was more human than technical, their 
ranking was high and they assumed it was modest, convenient, exciting and manageable.   
 
Figure 5-23: AttrakDiff (avatar vs NMMC condition). 
Concerning the condition’s hedonic quality, users viewed the condition with great interest 
and they considered it proficient, very elegant and exceptionally neat. Furthermore, users 
were highly enthused by it; they considered it innovative, courageous, appealing, novel 
and pleasant. In relation to the condition’s perceived attractiveness, user rated it as vastly 
attractive, fair, friendly, valuable and encouraging. 
 Earcons Condition vs. NMMC Condition 
Figure 5-24 shows a comparison between the earcons condition and the control condition. 
The earcons condition was rated less positive than the control condition. With reference 
to the results presented in Figures 5-7, 5-8 and 5-9 in terms of pragmatic quality, users 
found it to be more technical and complicated. With respects to the hedonic quality 
identification, users rated it below average, users were pessimistic in their rating; they 
considered it more complicated and disruptive. Furthermore, users did not identify 
themselves well with the earcons condition as they felt it was tacky, cheap, alienating and 
unsuitable, it is worth mentioning here that in this dimension it was rated relatively similar 






























stimulated by it; they thought it was bold and in this category, it performed better than 
the NMMC condition. Concerning the condition attractiveness (ATT), users thought it 
was marginally less attractive than the control condition; they felt it was rejecting, ugly 
and ordinary. Overall, there were no noticeable improvements resulting from the 
inclusion of the earcons metaphor except for its ability to stimulate users; on the other 
hand, it hindered the users’ experience in other areas and therefore it should be used 
cautiously. 
 
Figure 5-24: AttrakDiff (earcons vs NMMC ). 
 Music Condition vs NMMC Condition 
For the music condition, the comparison with the control condition is portrayed in Figure 
5-25. In general, users had a more positive view of the music condition and the only 
downside to it was in terms of pragmatic quality as it was equal to the NMMC. With 
reference to Figures 5-10, 5-11 and 5-12; the classic music condition professed moderate 
pragmatic quality (PQ), users associated well with it; they considered it to be simple, 
practical, straightforward, less technical and more human. Concerning hedonic quality 
identification (HQ-I), reflecting on their experience users regarded the condition as 
connective, professional, tasteful, constructive and well turned-out. In relation to hedonic 
quality stimulation (HQ-S), users were inspired by the condition; they considered it 
artistic, courageous, pioneering and lovely. With respect to the condition attractiveness, 































Figure 5-25: AttrakDiff (music vs NMMC). 
Overall, the results obtained from this experimental work clearly indicate that the 
inclusion of classical music led to a more optimistic user experience in comparison with 
the control condition. The greatest improvement was the added value to the system’s 
hedonic quality and attractiveness. 
 Speech condition vs. NMMC Condition 
Figure 5-26 presents a comparison between the speech condition and the control 
condition; overall, users were more positive reflecting on their experience with speech 
condition; they valued both to be equally pragmatic.  
 
























































However, there was a more optimistic view for the speech condition within the other user 
experience dimensions.   
Looking at Figures 5-13, 5-14 and 5-15; in relation to the speech condition’s apparent 
pragmatic quality (PQ), to some extent users related well with this condition, their rating 
was beyond average, they considered it to be modest, practical, flawless, straightforward 
and handy. Concerning hedonic quality identification (HQ-I), users identified themselves 
well with it; they considered the condition to be professional, to some degree classy and 
presentable. With reference to hedonic quality stimulation (HQ-S), users were 
encouraged by the condition; they regarded it to be resourceful, useful and pleasant. In 
terms of condition attractiveness (ATT), it was valued to be moderately attractive, it was 
deemed pleasant, friendly and advantageous. Overall, the inclusion of the speech 
interaction metaphor moderately improved users’ experience in comparison with the 
control condition. From the observed user experience improvements seen within the 
experimental condition in comparison with the control condition, it is safe to conclude 
that, employing speech modality could provide added-value to e-learning interactive 
systems by improving the learner's user experience. 
 All Conditions  
Figure 5-27 presents the results of all the conditions’ evaluations side by side. Generally, 
the most prominent improvement was in the avatar condition followed by the music and 
speech conditions, which provided relatively similar user experiences, and then the 
auditory icons condition, which was more positive than the control condition; the least 
improvement of all was in the earcons condition. The downfall of the NMMC was its lack 
of hedonic quality attributes and inability to attract the users. With regards to the earcons 
condition the users found it stimulating, however over-use of the interaction metaphor 
hindered other dimensions of the users’ experience as they were neither attracted to it nor 
able to identify with it and therefore it should be used carefully. The results of user 
experience evaluation revealed the importance of the system’s hedonic quality values and 
its attractiveness in gaining users’ attention and acceptance. Furthermore, the evaluations 
of user experience tapped into important areas of the relation between the user and the 
system, which were not covered by the conventional usability evaluation method, which 





Figure 5-27: All conditions user experience comparison. 
User experience evaluation revealed what users really valued most in dealing and 
interacting with the system. The empirical results obtained in this experiment clearly 
show the importance of using this evaluation method side by side with conventional 
usability evaluation criteria in assessing e-learning interactive systems. Based on the 
aforementioned results of this experimental work and performed data analysis: 
H1: This hypothesis was rejected, as the experimental conditions did not receive equal 
preferences and rating in their provided pragmatic user experience measurements.  
H2: This hypothesis was rejected as the experimental work proved that conditions did not 
receive equal preferences in terms of users’ identification with conditions’ provided 
hedonic user experience. 
H3: The hypothesis was overruled based on the obtained results, as the experimental 
conditions did not equally stimulate the users with their provided hedonic users’ 
experience. 
H4: The experimental conditions were not equally appealing and attractive in their 






















Users expereince comparesion (all conditions)





A within subjects measurements study was conducted for the assessment of user 
experience of an e-learning platform in which five different experimental conditions and 
one control condition were evaluated. Each experimental condition was dominated by a 
single interaction metaphor (auditory icons, facially expressive speaking avatar, earcons, 
music, recorded speech) and the aim was to find out how each metaphor could influence 
the overall user experience. The evaluation method was subjective in nature; users were 
requested to use AttrakDiff instrument to reflect on and report their experiences with each 
of the six conditions. The best user experience was observed when using the avatar 
communication metaphor, followed by the recorded speech and the music metaphors and 
then the auditory icons. The worst user experience was observed with using earcons 
communication metaphor. An overview of the users’ experience evaluation results is 
presented in the user experience traffic light in Figure 5-28. 
 
Figure 5-28: The user experience evaluation traffic light. 
 
  





6 AFFECTIVE STATE EVALUATION (EXPERIMENTAL PHASE II) 
 
Users’ affective state evaluation differs greatly from usability (Chapter 4) as well as user 
experience(Chapter 5) evaluations because it aims at revealing the influence each 
experimental conditions has on users’ emotion and how they positively or negatively are 
moved by the employed communication metaphors. User affective state has two 
components, physiological and psychological, accordingly the study adapted subjective 
(SAM) and objective (Biofeedback) evaluation techniques to measure both components 
based on the PAD [101] affective state model.  
 AIMS and OBJECTIVES 
The main aim of this evaluation is to examine the impact of each communication 
metaphor on user’s affective state within three dimensions (Valence, Arousal and 
Dominance). To accomplish the aims of this evaluation, these objectives have to be met:  
 Formulate experimental hypotheses.  
 Evaluate users affective state through utilizing self-assessment manikin technique 
and biofeedback (skin conductance and temperature) measurements with the 
following conditions: 
o Auditory condition.  
o Music condition.  
o Earcons condition. 
o Avatar condition.  
o Speech condition.  
o Control condition. 
 HYPOTHESES  
It is anticipated that making use of communication metaphors will equally influence 
users’ affective state and the following hypotheses have been formulated accordingly:  
H1: The experimental conditions will induce an equal positive valence.  
H2: The experimental conditions will be equally arousing. 




H4: The experimental conditions will induce the same level of skin conductance. 
H5: The experimental conditions will trigger the same level of skin temperature.  
H6: The experimental conditions will induce an equal affective state.  
 METHOD OF INVESTIGATION 
Users’ emotions towards the experimented conditions in terms of pleasure, arousal and 
dominance were evaluated using two techniques, objective assessment using biofeedback 
measurements (skin conductance and temperature) in addition to Self-Assessment 
Manikin (SAM) techniques. SAM is a non-verbal assessment tool, which is cross-cultural 
and easy to administer and understand. Upon experiencing each condition, users were 
requested to use SAM technique to report their affective state and the results are presented 
here accordingly. 
 SELF-ASSESSMENT MANIKIN (SAM) TECHNIQUE 
 SAM (Auditory Icons) Condition Results 
Users’ assesment of the auditory icons condition within the valence dimension was 
“slightly negative” emotion towards the condition. 
 

















































in the arousal dimension users’ reaction was considered to be “neutral” and the overall 
impression of the auditory condition was “neutral” (see Figure 6-1). For a better 
understanding of user ratings in both dimensions the results are plotted in a radar chart 
(see Figure 6-2 A,B); user ratings for the valence dimension is moving from “neutral” 
towards “slightly negative”, while in the arousal dimension users’ rating was placed 
between “slightly low” and “slightly high” with a tendency towards neutral.  
 
Figure 6-3: Dominance (auditory condition) results. 
 



























The areas covered with line graphs is small which indicates that there is considerable 
agreement among users in their rating. Concerning the dominance dimension (see 
Figure 6-3) users ratings in general were “neutral” with a tendency towards feeling 
“controlled”. A Spearman's rank-order correlation was run to assess the relationship 
between arousal and valence for users SAM dimensions. There was a weak negative 
correlation between the two dimensions (rs (28) = -.213, p =.257). The overall impression 
is that users felt the condition was slightly negative and to some extent, they were “in 
control”. The layout of the line graph in Figure 6-4 is moving towards the arousal angle; 
this indicates that users were moved by the auditory condition. 
 SAM (Avatar Condition) 
User ratings for the valence and arousal dimensions are shown in Figure 6-5. Users’ 
assesment of the condition was “positive” and within the arousal dimension users’ 
reaction was “neutral” and the overall impression of the auditory condition was “slightly 
high”. The results of user ratings in both dimensions are plotted in a radar chart (see 
Figure 6-6 (A,B)); user ratings for the valence dimension are moving towards 
“moderately positive”, while in the arousal dimension user ratings were placed between 
“slightly low“ and ”slightly high” with a tendency towards neutral. 
 
Figure 6-5: SAM result (avatar condition). 
SAM (M)













































Figure 6-7: Dominance (avatar condition). 
 
Figure 6-8: Avatar condition (valence, arousal and dominance). 
The area covered with line graphs is small which indicates that there is considerable 
agreement among users in their ratings. Concerning the dominance dimension, (see 
Figure 6-7) user ratings were generally “neutral” with a tendency towards feeling 


























“strongly in control”; the overall view of the SAM result is presented in Figure 6-8. A 
Spearman's rank-order correlation was run to assess the relationship between arousal and 
valence for users’ SAM dimensions. There was a strong positive correlation between the 
two dimensions (rs (28) = -.810, p <.001). The overall impression is that users felt the 
condition was positive and they were rather in control. 
 SAM (Earcons Condition) 
The test results are displayed in Figure 6-9. Users rated the condition within the valence 
dimension as “negative” emotion towards the condition; within the arousal dimension 
users’ reaction is considered to be “neutral” and the the overall impression of the auditory 
condition was “negative”. For a better understanding of user ratings in both dimensions 
the results are plotted in radar charts (see Figure 6-10 ( A,B)); user ratings within the 
valence dimension are moving from “negative” towards “slightly negtive”, while in the 
arousal dimension users ratings were placed at “slightly low“. The areas covered with line 
graphs is small which indicates that there is considerable agreement among users in their 
rating .  
 
Figure 6-9: SAM result (earcons condition). 
SAM(M)
















































Figure 6-11: Dominance (earcons condition). 
 
Figure 6-12: Earcons (valence, arousal and dominance). 
Concerning the dominance dimension (see Figure 6.11), users ratings in general were 
“negative”; they felt they were rather “controlled.” The overall view of SAM result is 
presented in Figure 6-12.  
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A Spearman’s rank-order correlation was run to assess the relationship between arousal 
and valence for users’ SAM dimensions. There was a strong negative correlation between 
the two dimensions (rs (28) = -.619, p <.001). The overall impression is that users felt the 
condition was negative and they were not in control. 
 SAM (Music Condition) 
Users’ ratings for the condition and the test results are displayed in Figure 6-13. Users 
regarded the condition within the valence dimension as “positive”, whereas within the 
arousal dimension they considered it to be “neutral”. The overall impression of the 
auditory condition was “positive”. User ratings in both dimensions are plotted in radar 
charts (see Figure 6-14 ( A,B)); the ratings for the valence dimension are moving from 
“neutral” towards “positive”, while in the arousal dimension users’ rating was placed 
between “low” and “high” with a tendency towards “neutral”. The areas covered with line 
graphs is small which indicates that there is considerable agreement among users in their 
ratings.   
 
Figure 6-13: SAM result (music condition).  
SAM(M)















































Figure 6-15: Dominance (music condition). 
 
Figure 6-16: Music condition (valence, arousal and dominance). 
With reference to the dominance dimension (see Figure 6-15), user ratings were generally 































presented in Figure 6-16. A Spearman’s rank-order correlation was run to assess the 
relationship between arousal and valence for users’ SAM dimensions. There was strong 
positive correlation between the two dimensions (rs (28) = .541, p <.005). The overall 
impression is that users felt the condition was positive and they were rather in control. 
 SAM (Speech Condition) 
Users’ ratings are displayed in Figure 6-17. Users’ assesment of the condition within the 
valence dimension was “slightly positive” emotion towards the condition, within the 
arousal dimension users considered it to be “neutral” and the the overall impression of 
the auditory condition was “slightly positive”. User ratings in both dimensions are plotted 
in radar charts (see Figure 6-18 (A,B)) user ratings for the valence dimension are moving 
from “neutral” towards “slightly positive”, while in the arousal dimension user ratings 
were placed between “neutral” and “slightly high” with a tendency towards neutral. The 
areas covered with line graphs are small which indicates that there is considerable 
agreement among users in their rating .  
  
Figure 6-17: SAM result (speech condition).
SAM
















































Figure 6-19: Dominance (speech condition). 
 
Figure 6-20: Speech (valence, arousal and dominance). 
As for the dominance dimension (see Figure 6-19), user ratings were generally “neutral”; 
the overall view of the SAM result is presented in Figure 6-20. A Spearman's rank-order 
correlation was run to assess the relationship between arousal and valence for users’ SAM 


























= .179, p =.344). The overall impression is that users felt the condition was slightly 
positive and they were not completely in control. 
 SAM (NMMC) 
Users’ ratings for the condition were analysed and the test results are displayed in. Users’  
valuation of the condition within the valence dimension was “slightly negative” emotion 
towards the condition, within the arousal dimension users reaction is considered to be 
“slightly low” and the the overall impression of the auditory condition was “slightly 
negative”. For a better understanding of user ratings in both dimensions the results are 
plotted in radar charts (see Figure 6-22 (A and B)); users ratings’ for the valence 
dimension are moving from “negative” towards “slightly negative” as well as “neutral”, 
while within the arousal dimension users ratings were placed between “low” and 
“neutral” with a tendency towards “slightly high”.  
   
 

















































Figure 6-23: Dominance (NMMC) results. 
 
Figure 6-24: NMMC (valence, arousal and dominance). 
The areas covered with line graphs are small which indicates that there is considerable 
agreement among users in their rating. Concerning the dominance dimension (see 



























feeling “controlled”; the overall view of the SAM result is presented in Figure 6-24. A 
Spearman’s rank-order correlation was run to assess the relationship between arousal and 
valence for users’ SAM dimensions. There was a weak positive correlation between the 
two dimensions (rs (28) = .172, p =.362). Overall, users felt the condition was slightly 
negative and that they were not completely in control. 
 SAM (All Conditions) 
Figure 6-25 presents an overall comparison between users’ ratings in the three dimensions 
of SAM (valence, arousal and dominance). Within the valence dimension, the most 
positive condition was the avatar condition (M=7.06) followed by the music condition 
(M=6.2) then the speech condition (M=5.67) and these were more positive than the 
control condition (NMMC, M=4.5).  
 























































While the remaining conditions were less positive than the control condition, the earcons 
condition was the least positive (M=3.13) followed by the auditory condition (M=4.4). 
Concerning the arousal dimension, it is noted that all of the experimented conditions were 
more stimulating than the control condition (M=4.16). The avatar condition was rated as 
the highest (M=6.37) followed by the earcons condition (M=5.73), the music condition 
(M=5.40), then the speech condition (M=5.23) and the auditory condition (M=4.97).  
 Statistical Data Analysis 
The aim of the statistical analysis is to examine the data and find out if the perceived 
differences are statically significant and are not due to chance. The results in the SAM 
dimensions for all the conditions will be examined. 
 Valence 
To decide on the appropriate statistical test the data had to be checked to see if it is 
normally distributed. The “Shapiro-Wilk” normality test was used and the results shown 
in Table 6-1 indicate that the data did not fit the normality criteria. 
Table 6-1: Valence tests of normality (all conditions). 
Considering the normality test results, in addition to the number of conditions and the fact 
that the study uses repeated measurements, the appropriate statistical test is Friedmans’ 
ANOVA test (see the test result in Figure 6-26). A post-hoc test was needed to identify 
where the differences occurred; therefore, pairwise comparisons were conducted and the 
results are presented in Figure 6-28 (significant differences are denoted in gray). For a 
better understanding of the test results, the results of the pairwise comparisons are 
presented in Figure 6-28. They are shown in ascending order according to their median 
and mean ranks. 
Tests of normality 
Valence Kolmogorov-Smirnova Shapiro-Wilk 
Statistic df Sig. Statistic df Sig. 
Auditory .253 30 .000 .796 30 .0001 
Avatar .229 30 .000 .860 30 .001 
Earcons .290 30 .000 .844 30 .0001 
NMMC .273 30 .000 .853 30 .001 
Music .246 30 .000 .897 30 .007 
Speech .317 30 .000 .742 30 .0001 




Friedmans' ANOVA test 
 
Figure 6-26: Friedmans' ANOVA test of valence (all conditions).  
 














































To select the appropriate statistical test, “Shapiro-Wilk” normality test was used and the 
results shown in Table 6-2 indicated that the data did not fit the normality criteria. 
Considering this, in addition to the number of conditions and the fact that the study uses 
repeated measurements, the appropriate statistical test is Freedman’s ANOVA test. The 
test results are presented in Figure 6-29. 
Tests of normality 
Condition Arousal Kolmogorov-Smirnova Shapiro-Wilk 
Statistic df Sig. Statistic df Sig. 
Auditory .232 30 .001 .857 30 .001 
Avatar .293 30 .001 .856 30 .001 
Earcons .226 30 .001 .924 30 .034 
Music .181 30 .014 .939 30 .088 
Speech .473 30 .001 .526 30 .001 
NMMC .242 30 .001 .870 30 .002 
a. Lilliefors Significance Correction 
Table 6-2: Normality test (arousal). 
Friedmans' ANOVA test 
  








A post-hoc test was needed to identify where the differences occurred therefore pairwise 
comparisons were conducted. The results are presented in Figure 6-30 (significant 
differences are denoted in gray. For a better understanding of the test results, the pairwise 
comparisons results are presented in Figure 6-31 they are presented in ascending order 
according to their median and mean ranks. 
 
Figure 6-31: Arousal means rank and medians. 
 Dominance 
To decide on the appropriate statistical test the data had to be checked to see if it was 
normally distributed. The Shapiro-Wilk normality test was used and the results shown in 
Table 6-3 indicate that the data did not fit the normality criteria.  




Statistic df Sig. Statistic df Sig. 
Auditory .313 30 .000 .815 30 .000 
Avatar .241 30 .000 .834 30 .000 
Earcons .167 30 .032 .899 30 .008 
Music .268 30 .000 .901 30 .009 
Speech .427 30 .000 .646 30 .000 
NMMC .326 30 .000 .829 30 .000 
a. Lilliefors Significance Correction 








































Considering this, in addition to the number of conditions and the fact that the study uses 
repeated measurements, the appropriate statistical test is Freedman’s ANOVA test. The 
test results are presented in Figure 6-32. 
Friedmans' ANOVA test 
 
Figure 6-32: Friedmans' ANOVA test of dominance (all conditions). 
A post-hoc test was needed to identify where the differences occurred therefore pairwise 
comparisons were conducted and the results are presented in Figure 6-33 (significant 
differences are denoted in gray). For better understanding of the differences among the 











Figure 6-34: Dominance ranks. 
 BIOFEEDBACK 
During the experimental sessions, changes in users’ skin conductivity and skin 
temperature were monitored. The overall results are presented in Figure 6-35 and all the 
experimental conditions’ observed skin conductivities were higher than those in the 
control condition were (M=6.57 µSiemens). The highest mean value of skin conductivity 
was obtained in the earcons condition (M=8.74 µSiemens), followed by the avatar 
condition (M=8.49µSiemens), the auditory icons condition (M=7.78 µSiemens), then the 
speech (M=7.78 µSiemens) and the music conditions (M=7.75 µSiemens). It is proven in 
the literature that skin conductivity linearly correlates with emotional arousal[102] [129], 
therefore, conditions with higher skin conductivity were more stimulating to users. With 
regards to skin temperature (see Figure 6-35), the highest observed mean value of skin 
temperature was recorded in the earcons condition (M=34.87 °C) followed by the 
auditory and the speech conditions (M=34.58 °C), then the avatar condition          






































In general, positive emotions are not accompanied by significant increase in peripheral 
skin temperature. Negative emotions, especially anger are accompanied by significant 
increase in skin temperature; furthermore, skin temperature can be used to differentiate 
between negative emotions where anger for instance anger results in higher skin 
temperature when compared to sadness or fear. Accordingly, the differences in skin 
temperature are interpreted in relation to other physiological and subjective 
measurements. Taking into account the SAM evaluation results (see Figures 6-2, 6-5, 6-
9, 6-13, 6-17 and 6-21) in addition to the skin conductivity results.  
In comparison to the NMMC, the earcons condition was highly negative and the auditory 
icons condition was slightly negative, while the avatar, speech and music conditions were 
more encouraging and positively affected users’ learning experience with the 
experimented conditions. 
 
















































Figure 6-36: Scatterplots (skin conductivity and temperature). 
 Statistical Data Analysis 
To investigate the results further and determine whether the observed differences are 
statistically significant, a statistical data analysis was conducted using “SPSS2013” and 
the results are presented below. 
 Skin Conductance 
Skin conductance data was tested for normality and the results are in Table 6-4. The data 
is not normally distributed, therefore a non-parametric (Freidman’s ANOVA) test was 
used to examine the differences between the experimented conditions and the results are 
presented in Figure 6-37. The Freidman’s ANOVA test result (χ2(5) = 91.158, p < .0005) 
revealed that, there is significant difference between at least two of the experimented 
conditions in terms of their influence on the users’ arousal level, which was reflected as 
an increase or decrease in the users’ skin conductivity. A pairwise-comparison was 
conducted to learn exactly where the differences lies (the results are presented in Figure 6-
38 and the differences are denoted in gray). To understand the pairwise comparison 
results and make them clearer, the calculated means rank and medians are depicted in 






























Table 6-4: Normality test (skin conductance data). 
 
Figure 6-37: Friedman's ANOVA test (skin conductance). 
Tests of  normality 
 Condition Kolmogorov-Smirnova Shapiro-Wilk 
Statistic df Sig. Statistic df Sig. 
Auditory icons .125 30 .200* .938 30 .083 
Avatar .163 30 .041 .922 30 .031 
Earcons .169 30 .028 .925 30 .035 
Music .156 30 .060 .922 30 .031 
Speech .163 30 .040 .928 30 .042 
NMMC .146 30 .100 .929 30 .046 
*. This is a lower bound of the true significance. 








Figure 6-39 shows that the highest level of skin was measured within the avatar and the 
earcons with no statistical significant differences between both of them, however there 
are significant differences between them and the rest of the conditions. Next in rank was 
the auditory icons condition followed by the speech and music conditions with no 
statistical significant differences among them; however, the observed differences between 
them and the rest of the conditions are statistically significant. 
 
Figure 6-39: Skin conductance means rank. 
 Skin Temperature 
Skin temperature data was tested for normality and the results are presented in Table 6-5. 
The data is not normally distributed; therefore a non-parametric (Freidman’s ANOVA) 
test was used to examine the differences between the experimented conditions and the 
results are presented in Figure 6-40. The Freidman’s ANOVA test result (χ2(5) = 40.133, 
p < .0005.) showed that, there is significant statistical difference between at least two of 
the tested conditions in terms of their impact on the users’ emotional valence, which is 
echoed as alteration in the users’ measured skin temperature. A pairwise-comparison was 
conducted to learn where the differences existed (the results are presented in Figure 6-41 
and difference are denoted in gray). To understand the pairwise comparison results and 
make them stronger, the calculated means rank and medians are portrayed in Figure 6-42 

































Table 6-5: Skin temperature normality test. 
 
Figure 6-40: Freidman's ANOVA test (skin tempreature). 
Tests of  normality 
 Condition SKT 
  
Kolmogorov-Smirnova Shapiro-Wilk 
Statistic df Sig. Statistic df Sig. 
Auditory condition .141 30 .134 .925 30 .037 
Avatar condition .137 30 .156 .946 30 .134 
Earcons condition .170 30 .027 .918 30 .024 
Music condition .144 30 .113 .940 30 .092 
Speech condition .105 30 .200* .940 30 .092 
NMMC condition .120 30 .200* .950 30 .168 
*. This is a lower bound of the true significance. 









To find out where the difference lies, a pairwise comparison was performed and the 
results are demonstrated in Figure 6-41 (the differences are designated in gray). With 
reference to the test result (H5) is rejected. The pairwise comparisons between the tested 
conditions are presented and ranked according to their means and medians in               
Figure 6-42. The results indicate that the differences were significant between the earcons 
condition as well as the control condition and the positively viewed (avatar, music, 
speech) conditions. 
 
Figure 6-42: Means rank of skin temperature. 
 DISCUSSION 
The results were obtained from users’ self-assessment of their affective state in addition 
to the biofeedback measurements results which confirmed that the inclusion of certain 
communication metaphors (avatars, recorded speech and music) positively influenced the 
users’ affective state and they emotionally moved by them. Furthermore, users felt they 
were neither frustrated nor dominated due to their inclusion. On the other hand, the 
inclusion of other interaction metaphors (earcons and auditory icons) had the opposite 


































 Auditory Icons Condition (induced affective state) 
 Figure 6-1 demonstrates user self-assessment of the condition. Users felt “slightly negative” 
emotion towards the condition and the strength of the emotion was neither weak nor strong. The 
results in show that, with the dominance evaluation, while 53.3% of the users felt “neutral”, 
around 40% of them felt they were to some extent not in control and they wanted to stay away 
from the experimented condition. Furthermore Figure 6-3 shows a triangular radar graph 
presenting the users’ assesment of their affective state. The triangle is not symmetrical 
and is deformed within the dominance and valence angles, which confirms that users’ 
affective state while using the auditory condition was slightly negative and they felt 
discouraged from continuing to use it. On the other hand, the arousal level obtained from 
the biofeedback measurements is shown to be stronger (M=7.78 µSiemens) in users while 
they were dealing with this condition. With regards to users’ skin temperature, the 
measured mean value (34.58 °C) for the auditory icons condition was higher than that for 
the control condition (34.47 °C). With reference to the subjective valence results, the 
increase in the measured skin tempreature can be interpreted as an indication of negative 
emotional experience. Overall, from the biofeedback results as well as the SAM 
assessment results, users encounters with auditory icons communication metaphor 
induced a slightly to moderately negative affective state. 
 Avatar Condition (induced affective state) 
User self-assessment of the condition result is presented in Figure 6 5 and Figure 6-6.  
Users felt “slightly negative” emotion towards the condition and the strength of the 
emotion was neither weak nor strong. The results in Figure 6-7 show that, with the 
dominance evaluation, while 40 % of the users felt “neutral”, 60 % of them felt they were 
to some extent in control and they wanted to continue using the experimented condition. 
Figure 6-8 shows a triangular radar graph displaying the users’ assesment of their 
affective state. The triangle is symmetrical and the covered area within the three 
assessment dimensions clearly indicates that users feel pleased and positively stimulated. 
The result confirms that users’ affective state while using the avatar condition was  highly 
positive and they had the desire to continue using it. Furthermore, the arousal level 
obtained from the biofeedback measurements show a stronger arousal level (M=8.49 
µSiemens) in users while they were interacting with this condition. Concerning users’ 
skin temperature, the measured mean value of users skin temperature (M=34.55 °C) for 




Taking into account the subjective valence evaluation outcomes, the slight increase in the 
measured skin tempreature is seen as an indication of positive emotional expereince. In 
conclusion, from the biofeedback results as well as the SAM results, users’ encounter 
with the avatar communication metaphor induced a highly positive affective state. 
 Earcons Condition (Induced affective state) 
Figure 6-9 demonstrates users’ self-assessment of the condition. They felt “slightly 
negative” emotion towards the condition and the strength of the emotion was neither weak 
nor strong. The results in Figure 6-11 show that, with the dominance evaluation, more 
than 97% of them felt they were to some extent dominated and they felt the urgency to 
stay away form the tested condition. Furthermore Figure 6-12 shows a triangular radar 
graph depicting the users’ assesment of their affective state. The triangle is bent towards 
the arousal dimension, which confirms that users’ affective state while using the condition  
was highly negative and users felt hopeless to continue using it. Furthermore, the arousal 
level attained from the biofeedback measurements has reveal a sturdy arousal level 
(M=8.74 µSiemens) in users while they encountered this condition and its communication 
meetaphor. Concerning the skin temperature, the measured mean value of users’ skin 
temperature (M=34.87 °C) was higher than the measured mean value within the control 
condition (34.48 °C). Considering the subjective valence results, the escalation of skin 
tempreature is understood as an indication of negative emotional experience. Largely, 
from the biofeedback results as well as the SAM valuation results, users utilizing the 
auditory icons communication metaphor, resulted in a moderately to highly negative 
affective state. 
 Classic Music Condition (Induced affective state) 
Figure 6-13 and Figure 6-14 demonstrate users’ self-assessment of the condition,they felt 
positive emotion towards the condition and the strength of the emotion was slightly 
strong. The results shown in Figure 6-15 indicate the dominance evaluation. While 
83.40% of the users feelings in the condition ranged from neutral to in control and had 
the intention to continue using it, only 13.6% of them felt they were to some extent not 
in control and wished to break away. Figure 6-16 shows a three-sided radar graph 
presenting the users’ assesments off their affective state. The triangle is symmetrical and 
well balanced within the dominance as well as the arousal and valence angles. This 




moderately positive. From the biofeedback point of view, the arousal level obtained from 
measuring the changes in users’ skin conductivity shows a slight increase (M=7.75 
µSiemens). With regards to the changes in users’ skin temperature, the measured mean 
value for the condition (34.47 °C) was almost equal to that obtained from the control 
condition (34.48 °C) With reference to the subjective valence results, the skin tempreature 
can be interpreted as an indication of the music’s positive and calming effect. Overall, 
from both the subjective as well as the objective assessment results, users’ encounters 
with the classical music communication metaphor resulted in a positive and calming 
affective state. 
 Recorded Speech Condition (Induced affective state) 
Figures 6-17 and 6-18 display user self-assessment of the condition. They felt “neutral” 
to “slightly positive” emotion towards the condition and the strength of the emotion was 
moderate. The results in Figure 6-19 show that, within the dominance evaluation, while 
76.6% of the users felt “neutral” and did not have any desire to get away from using it, in 
only 23.40% felt they were controlled to some extent and wanted to stay away from it. 
Figure 6-20 shows a three-cornered radar graph presenting the users’ views of their 
affective state, The triangle is balanced with slight distortion within the dominance angle. 
The arousal level obtained from the biofeedback measurements shows moderate arousal 
level (M=7.79 µSiemens) in users users skin conductivity. With regards to the users’ skin 
temperature, the measured mean value of users’ skin temperature (34.58 °C) was higher 
than the value obtained for the control condition (34.48 °C) With reference to the 
subjective valence results the increase in the measured skin tempreature can be interpreted 
as an indication of neutral to positive emotional experience. Overall, from the 
biofeedback results as well as the SAM assessment results, users encounters with the 
classical music communication metaphor experienced a moderately positive affective 
state. 
 All Conditions 
Valence level: In relation to the results obtained from the evaluation of valence 
dimension, with the exception of the earcons and the auditory icons communication 
metaphors, users’ feelings towards the employed communication metaphors ranged from 




Consequently, based on the statistical tests in Section 6.4.8.1 (see Figure 6-26) and its 
proceeding post-hoc test (see Figure 6-27 and Figure 6-28), H1 is rejected. 
Arousal level: Within the arousal dimension in SAM results, the most stimulating 
communication metaphor was the avatar communication metaphor, followed by the 
earcons then the classic music metaphors. The results confirmed that, all three are 
affectively strong and their ability to stimulate users is high. Next, in the rank within the 
arousal dimension are the speech and auditory icons; users were to some extent stimulated 
by them and they outperformed the control condition in this users’ affective state 
dimension. The statistical test results in Section 6.4.8.2 (see Figure 6-29) and its 
proceeding post-hoc test (see Figure 6-30 and Figure 6-31) indicated that the utilized 
communication metaphors were not equally affecting. Consequently based on the 
aforementioned results, what was hypothesised in H2 is rejected.  
Dominance level: Within the SAM dominance measurements, users’ ratings ranged from 
feeling in-control (avatar, music and speech communication metaphors) to feeling 
slightly controlled (auditory icons metaphor) to strongly controlled (earcons metaphor). 
The results in the dimension were statistically tested (refer to Section 6.4.8.3 and Figure 6-
32) and compared for all of the tested conditions (Figure 6-33 and Figure 6-34); they 
confirmed that the differences between them were statistically significant. The post-hoc 
tests using pairwise comparisons proved that certain interaction metaphors were superior 
to others. Consequently, what was hypothesized in H3 is rejected.  
Biofeedback: Concerning the biofeedback evaluation outcomes, the results presented in 
Figure 6-35, show that users’ skin conductivity was affected by the interaction metaphors 
employed. The observed changes varied based on the type of communication metaphor 
in use; an increase in highest skin conductivity was observed with the earcons 
communication, followed by the avatar and auditory conditions communication metaphor 
condition, while the remaining communication metaphors were comparably equal. Skin 
conductivity is considered as a strong marker for detecting the levels of emotional arousal. 
The results show that it was more accurate than SAM subjective assessment in this regard. 
It seems users’ evaluation of their arousal was actually overstated due to the dominance 
of the experimented communication metaphors and their feeling of being either controlled 




and 6-39) what was hypothesised in H4 is rejected. With reference to skin temperature 
measurements, the highest increase in skin temperature was observed in the earcons 
condition, followed by the auditory icons and speech conditions. In the next level was the 
avatar condition followed by the classical music condition. Normally, changes in 
peripheral skin temperature in relation to users; affective state are difficult to interpret, as 
such increases might occur due to either negative or positive valence. Nonetheless, in the 
case of negative valence it can actually be used to differentiate sadness from anger, which 
is accompanied by higher peripheral skin temperature; thus, they are inferred with the 
subjective measurements and interpreted accordingly. Accordingly the increase seen 
accompanying both earcons and auditory icons communication metaphors is an indicator 
of negative emotions, which is anger in the case of the earcons communication metaphor 
and sadness with regards to the auditory icons. The results in this category are comparable 
with those obtained in the SAM assessments. Based on the results obtained as well as 
executed statistical tests (see Section 6.5.1.2, Figures 6-40, 6-41 and 6-42) what was 
hypothesised in H5 is rejected. In recognition of the results obtained from biofeedback 
and SAM measurements and the executed statistical tests, what was proposed in 
hypotheses H6 is rejected. Overall, with reference to the results obtained from the SAM 
self-assessment test (see comparisons in Figure 6-25) and users’ biofeedback 
measurements (see comparisons in Figure 6-36) it is possible to conclude that, 
communication metaphors had a profound influence on the users’ affective state. 
Accordingly, they can be divided into two categories: positive (avatar, classic music and 
recorded speech) and negative (earcons and auditory icons). Furthermore, the results 
clearly show that using earcons as well as auditory icons can be risky due to their acoustic 
strength and the influence that might have on the users’ affective state.  
 SUMMARY 
Users’ affective state was evaluated while interacting with experimental conditions using 
objective and subjective measurements. The results confirm that the inclusion of 
interaction metaphors could have a strong constructive or destructive impact on learners’ 
affective states. The inclusion of speaking affective avatar as well as classical music and 
recorded speech communication metaphors had a positive impact on the users’ affective 
state and they should be employed in e-learning systems. While both the earcons and the 




state, the results show that they are a strong acoustic tool, which can be utilized cautiously 
with consideration in alerting and making the learning environment more realistic. 
Nevertheless, when communication metaphors were utilized in multimodal metaphoric 
communication setup in the first experimental phase (3.8), they performed better and their 
side effects were minimized. The overall assessment results are presented in the affective 
state traffic light below (see Figure 6-43). 
 






7 EMPIRICALLY DERIVED GUIDELINES AND 
RECOMMENDATIONS 
 
The aim of this research was to evaluate the overall e-learning user experience with 
multimodal communication and multimodal e-learning interfaces. Furthermore, it aimed 
to investigate the impact of particular multimodal communication metaphors on 
multimodal e-learning interfaces, using a triple evaluation approach consisting of usability 
measurements (effectiveness, efficiency, user satisfaction and learning performance), in addition 
to user experience measurements (hedonic quality, pragmatic quality and attractiveness) and 
Affective state measurements (biofeedback and SAM).  
In order to fulfil these aims and to answer the research questions in Section 1.2, two experimental 
phases were designed and executed. The first experimental phase showed that using the 
multimodal condition, which included the following communication metaphors: 
“auditory icons, earcons, facially expressive avatars, classical music, recorded speech, 
text and graphics” scored better than the non-multimodal condition in terms of system 
usability, user experience and affective state (refer to Chapter 3 for details). A further 
investigation was needed to highlight the impact of the individual interaction metaphors 
and their contribution to the overall observed improvements in the first experimental 
stage. To achieve the anticipated goal, a second experimental phase was executed with 
six conditions, five of which were dominated by only one interaction metaphor, while the 
sixth condition was a non-multimodal (controlled), similar to that in the first experimental 
phase. The results showed that the avatar made the highest contribution to the achieved 
performance results followed by speech and classical music, and then auditory icons and 
earcons (refer to Chapter 4 for usability evaluation, Chapter 5 for user experience 
evaluation and Chapter 6 for user affective state evaluation).  
 CONCLUSION 
Based on the results obtained in this experimental work and the adopted triple evaluation 
approach, a series of empirically derived guidelines and recommendation were made. 
1. Use of auditory icons, based on the results of the empirical work and the results obtained 




user experience (Section 5.4), biofeedback (Section 6.5) and SAM (Section 6.4) of 
the tested condition. The inclusion of auditory icons helped to make the learning 
environment more realistic and stimulated users. Users’ experience with the metaphor 
was slightly positive, especially within the hedonic quality and attraction dimensions. 
However, there was no noticeable difference within the aspects of pragmatic quality 
and usability. The results showed that users were, to some extent, satisfied with the 
use of auditory icons, however the interface efficiency as well as effectiveness and 
learning performance were not improved by its inclusion. Consequently, it is 
recommended that auditory icons should be incorporated into multimodal e-learning 
interface with care when their use is essential. Furthermore, with reference to the 
results of the first experimental phase, auditory icons should be used in conjunction 
with other interaction metaphors. The extensive use of auditory icons is not 
recommended as it might hinder the interface usability, induce a negative affective 
state and result in an unpleasant user experience. 
2. Use of avatars, based on the results of the empirical work and the results obtained from the 
evaluation of the impact of using facially expressive avatars on usability (Section 4.5.10) in 
addition to user experience (Section 5.4) as well as SAM (Section 6.4) and biofeedback 
(Section 6.5) of the tested condition. The results show that this interaction metaphor provided 
highly pragmatic as well as hedonic and attractive user experience. Within the usability 
assessment criteria, users were highly satisfied with it; furthermore, it improved the interface 
efficiency and effectiveness and increased users’ learning performance. Furthermore, users 
were less concerned about missing human-to-human communications with the presence of 
avatars. Concerning users’ affective states, they were stimulated by the inclusion of this 
interaction metaphor, which caused a positive valence and made users feel pleased and 
motivated. For these reasons, it is highly recommended that facially expressive avatars be 
used whenever possible, due to their positive impact on overall e-learning user experience. 
3. Use of Earcons, based on the results of the empirical work and the results obtained 
from the evaluation of the impact of using earcons on usability (Section 4.5.10), user 
experience (Section 5.4) and biofeedback (Section 6.5) and SAM (Section 6.4.3) of 
the tested condition, the inclusion of earcons had a negative impact on the learning 
environment. Despite the fact that users were alerted by the metaphor, they were 
annoyed, stressed and demotivated. Users’ experience was strongly affected within 




reference to the usability elements (efficiency, effectiveness satisfaction, and learning 
performance) the presence of earcons was severely negative and deteriorated users’ 
learning performance. In terms of users’ affective state, the earcons metaphor had a 
negative valence with strong arousal, which was reflected in SAM as well as 
biofeedback results. Accordingly, it is recommended that earcons should be integrated 
into multimodal e-learning interfaces with caution as they have a strong influence on 
users’ affective state. They should be used only when it is necessary to alert or direct 
the user; moreover, with reference to the results of the first experimental phase, 
earcons should be used in combination with other interaction metaphors. Overusing 
earcons in interfaces could have severe side-effects and might deter the overall user 
experience and performance. 
4. Use of music, based on the results of the empirical work and the results obtained from the 
evaluation of the impact of using classical music on usability (see Section 4.5.10), user 
experience (Section 5.4) and biofeedback (Section 6.5) and SAM (Section 6.4.4) of the tested 
condition. The results indicate that the inclusion of classical music interaction metaphor 
helped the users to relax and engage with the presented topic. The interaction metaphor 
noticeably enhanced usability in terms of effectiveness, efficiency and user satisfaction. 
Furthermore, the learning performance was improved and the absence of human-to-human 
communication was less noticeable. Concerning the user experience dimensions, the 
metaphor improved the hedonic and pragmatic qualities as well as attractiveness. Concerning 
the users’ affective states, the inclusion of the metaphor resulted in a positive valence, and 
stimulated and motivated users. Consequently, it is recommended that this metaphor be used 
due to its positive impact on the overall users’ experience and learning environment. 
5. Use of recorded speech, based on the results of the empirical work and the results 
obtained from the evaluation of the impact of using recorded speech on usability (see 
Section 4.5.10), user experience (Section 5.4) as well as biofeedback (Section 6.5) 
and SAM results (Section 6.4 ) of the tested condition. The obtained results indicated 
that the inclusion of the speech interaction metaphor enhanced the learning 
environment and was positively viewed. In terms of user experience, the metaphor 
improved the pragmatic as well as the hedonic qualities and was attractive to users. 
Within the affective state assessments, the metaphor resulted in a positive valence and 
slightly stimulated the users and the overall impression ranged between neutral and 




efficiency, effectiveness and users’ satisfaction was positive. Users’ engagement and 
learning performance were improved. With reference to the above-mentioned results, 
the use of this interaction metaphor is highly recommended due to its ability to 
enhance the e-learning environment as well as the overall user experience, especially 
when demonstrating or requiring user attention. 
6. Communication metaphors and frequency of use, with reference to the results obtained 
from this, empirical work within the usability assessment dimensions (Section 4.6), 
the user experience dimension (Section 5.4) and the users’ affective state dimension 
(Section 6.4 and 6.5). The results show that auditory icons and earcons 
communication metaphors can be hazardous especially when used on their own, their 
usage should be minimal and it is preferred that they are combined with the other 
communication metaphors such as recorded speech and avatar. In accordance with 
the results obtained in the first experimental phases (Section 3.6), that approach will 
minimize their side effects and bring more benefit in terms of system usability, 
provided user experience as well as their learning performance and positively 
influencing the users’ affective states. 
 REFLECTION  
The results obtained from this empirical work clearly shows that, adopting a more 
sophisticated evaluation approach that goes beyond the conventional concept of usability 
testing can uncover the shortcomings and pitfalls of the system. This is crucial to the 
success of the system, especially in the e-learning field where users’ experience and 
system provided pragmatic as well as hedonic qualities as well as attractiveness are 
decisive for long-term adaption. The proposed triple evaluation approach that included 
usability evaluation, user experience evaluation and affective state evaluation could help 
system developers to successfully meet their targets and address users’ needs. 
Furthermore, the study shows that user affective state evaluation could help developers 
identify how users’ emotions are triggered and influenced by the system and its 
presentation mode. Furthermore, in addition to users’ self-assessment techniques, using 
biofeedback in particular can provide unbiased insight into users’ affective state while 
interacting with the system and how they are affected in response to the presented 
materials. Concerning user experience and hedonic quality; the results obtained from the 




system, due to its constructive impact on how users perceived the system presented to 
them. The experimental conditions, which were rated by users to be high in hedonic 
quality, scored high in their usability and users’ affective state assessments indicate that 
using certain communication metaphors such as avatar, classical music as well as 
recorded speech could improve the system image with their hedonic values. In terms of 
system perceived attractiveness, the results obtained from the empirical assessment prove 
that attractiveness is an added value to any system, due to its appositive impact on how 
users perceived the system presented to them. The experimental conditions, which were 
rated by users to be attractive, scored high in their usability and users’ affective state 
assessments indicate that using certain communication metaphors such as avatar, classic 
music as well as recorded speech could improve the system image with their 
attractiveness. In terms of engagement and alertness, the results obtained from the 
empirical work show that using certain communication metaphors improved users 
engagement with the systems and the learning topics presented to them. The 
enhancements in users’ engagements had a positive impact on the system effectiveness 
and were reflected in the user learning performance. Therefore employing 
communication metaphors such as avatar, classical music and recorded speech is highly 
recommend for improving users’ engagement. Furthermore, the results show that the 
earcons communication metaphor can be a powerful tool for alerting users or highlighting 
important information. It is highly recommended that it be used it in this way, without 
over-using it, to minimize its side effects. In terms of convenience, the results obtained 
from the experimental work reveal that employing certain interaction metaphors had a 
positive impact on usability by making the course of interaction between the users and 
the system a convenient and easy experience. Accordingly, we recommend using such 
communication metaphors to make the users comfortable dealing with any system 
presented to them, as doing so will positively influence their affective state as well as 
their experience and attract them to using them system. Furthermore , the results obtained 
in both the first and the second experimental phases show that using certain 
communication metaphors (avatars, classic music and speech), either in singular or 
combined mode, could to some extent substitute human to human communication and 
feeling isolated. The use of objective assessment methods, such as Affectiva QSensor, 




skin conductance and temperature while interacting with the experimental conditions. 
This approach provided us with unbiased information about the users’ affective state 
within the dimensions of arousal as well as valence and how employing certain 
communication metaphor influenced them; subsequently it is highly recommended that, 
in addition to the subjective assessment techniques, biofeedback should be included in 
any future system with human centred design. Based on the empirical results obtained, 
the triple evaluation was used for its benefit in exploring the experimented conditions in 
depth and revealing their pros and cons, which cannot be achieved using a single 
evaluation approach such as evaluating either usability or user experience and users’ 
affective state on its own. Accordingly, we propose including the triple evaluation 
approach within the SDLC of any multimodal e-learning system prior to their release.  
The scope of work in this research was limited to only five interaction metaphors, the 
setup in which they were used in this investigation. The research did not investigate other 
methods of delivering e-learning materials such as storytelling, edutainment, and game 
based learning. Furthermore, the results obtained from the biofeedback were limited 
because only two physiological signals were recorded. Another limitation was that the 
results obtained were observed and collected from first time users and did not address 
how long-term use could influence the perceived system usability as well as users’ 
experience and affective states.  
 FUTURE WORK 
In order to extend this empirical work ad overcome the areas, which were not covered in 
this investigation, we propose the following: 
1. The use of more physiological measurements to better understand what is going on 
inside the users, their reactions, their emotions and how they feel about the e-learning 
interfaces presented to them and the interaction metaphors used to communicate the 
learning materials to them. 
2. Utilizing the triple evaluation approach to explore other delivery methods in                  
e- learning such as game based learning and storytelling. 
3. The use of the triple evaluation approach to assess the impact of using user-
customized interaction metaphors, such as avatars and earcons, on the overall               




4. The use of the proposed evaluation approach in assessing haptic feedback in relation 
to the cognitive theory of multimedia learning. 
5. Using the employed triple evaluation approach within this study to assess the impact 
of long-term use of multimodal interaction on the user experience and affective state. 
 EPILOGUE 
This research used a triple evaluation approach to investigate the impact of using 
communication metaphors such as auditory icons, avatars, earcons, classical music and 
recorded speech in e-learning interfaces on the overall e-learning user experience. The 
results show that the inclusion of such metaphors was beneficial; they were hedonic, 
pragmatic, attractive, efficient, effective, satisfying, and induced a positive affective state. 
Therefore, we can conclude that, the use of multimodal communication in e-learning 
interfaces improved the overall e-learning user experience. Individual interaction 
metaphors were not equal in their impact on users and the overall e-learning user 
experience. Within the three evaluation areas (usability, user experience and affective 
state) facially expressive speaking avatars gained the highest rank, followed by recorded 
speech and classical music, then auditory icons and lastly earcons. The evaluation criteria 
included assessing each communication metaphor in terms of their efficiency, 
effectiveness, user satisfaction, learning performance, hedonic quality, pragmatic quality, 
attractiveness, arousal, valence, dominance, changes in skin conductance and 
temperature. The study results indicate that there are three interaction metaphors (facially 
expressive speaking avatar, recorded speech and classical music) with a high potential for 
improving e-learning user experience, which should be extensively used in e-learning 
interfaces. On the other hand, regarding the remaining metaphors, auditory icons should 
be used only when it is essential, while earcons are very affective, therefore their use 
should be minimized and utilized with great care. Furthermore, using earcons as well as 
auditory icons in multimodal scenario in conjunction with other communication 
metaphors could minimize or eliminate their negative side effects. The results obtained 
from the proposed evaluation approach, strongly suggest that user experience and 
affective state evaluations should be included in addition to usability evaluation within 







































APPENDIX B  
 
FIRST EXPERIMENT 









 MMC Task Completion Time 
  
User 




















































U1 20.41 23.60 25.20 27.00 26.80 31.30 154.31 25.72 
U2 19.70 24.65 26.01 24.10 23.90 31.10 149.46 24.91 
U3 21.60 23.00 24.12 25.00 24.80 29.00 147.52 24.59 
U4 22.40 25.00 22.90 26.50 26.30 29.00 152.10 25.35 
U5 21.00 23.00 24.20 25.00 24.80 28.00 146.00 24.33 
U6 22.40 26.12 25.64 27.00 26.80 30.00 157.96 26.33 
U7 22.80 25.10 26.20 26.30 26.10 29.00 155.50 25.92 
U8 18.90 22.90 22.35 24.00 23.80 28.45 140.40 23.40 
U9 21.80 24.52 25.00 26.00 25.80 30.00 153.12 25.52 
U10 21.20 23.70 24.10 25.00 24.80 29.00 147.80 24.63 
U11 21.40 24.00 26.05 27.10 26.90 30.00 155.45 25.91 
U12 22.80 25.00 25.10 26.00 25.80 31.00 155.70 25.95 
U13 19.00 21.30 20.90 24.90 24.70 27.00 137.80 22.97 
U14 21.00 23.00 24.40 25.50 25.30 30.50 149.70 24.95 
U15 20.10 24.10 23.90 24.70 24.50 30.00 147.30 24.55 
U16 16.40 22.90 21.30 23.20 23.00 27.40 134.20 22.37 
U17 22.20 24.10 24.10 24.00 23.80 28.00 146.20 24.37 
U18 23.70 25.21 25.10 26.60 26.40 29.00 156.01 26.00 
U19 22.00 25.00 24.40 24.70 24.50 28.00 148.60 24.77 
U20 23.00 22.60 23.80 24.10 23.90 27.00 144.40 24.07 
U21 20.00 23.50 24.10 25.00 24.80 30.20 147.60 24.60 
U22 18.00 22.00 21.20 25.00 24.80 27.30 138.30 23.05 
U23 22.00 24.10 24.20 25.50 25.30 29.30 150.40 25.07 
U24 23.00 25.10 25.00 24.10 23.90 27.20 148.30 24.72 
U25 18.90 22.00 22.90 23.20 23.00 29.00 139.00 23.17 
U26 20.30 24.00 26.00 26.00 25.80 28.00 150.10 25.02 
U27 22.80 24.00 26.20 26.50 26.30 28.20 154.00 25.67 
U28 18.70 24.60 22.90 24.00 23.80 26.00 140.00 23.33 
U29 22.80 24.00 25.30 26.00 25.80 28.00 151.90 25.32 




First experiment: tasks performing times (control condition) 
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U1 21.00 25.60 27.00 29.00 29.70 33.00 165.30 27.55 
U2 20.00 26.10 26.60 26.55 28.50 32.00 159.75 26.63 
U3 22.00 28.50 27.90 28.00 30.40 31.00 167.80 27.97 
U4 22.00 27.10 29.00 28.00 28.50 33.00 167.60 27.93 
U5 20.00 29.12 30.10 29.10 31.60 31.00 170.92 28.49 
U6 22.30 26.30 28.20 29.00 26.60 31.20 163.60 27.27 
U7 21.00 25.70 29.10 28.60 31.60 32.00 168.00 28.00 
U8 20.80 28.00 28.90 27.00 27.30 31.00 163.00 27.17 
U9 20.00 27.50 24.00 29.50 28.50 30.00 159.50 26.58 
U10 22.20 28.00 24.30 28.00 28.90 31.00 162.40 27.07 
U11 20.90 26.30 23.00 28.00 26.60 32.00 156.80 26.13 
U12 21.00 27.00 26.60 30.00 29.00 31.00 164.60 27.43 
U13 22.00 28.20 24.10 27.70 29.40 29.80 161.20 26.87 
U14 22.50 26.10 27.20 27.00 25.00 31.00 158.80 26.47 
U15 22.50 27.20 28.00 29.00 26.60 32.00 165.30 27.55 
U16 19.00 24.00 25.55 28.30 31.10 31.00 158.95 26.49 
U17 23.00 26.40 28.00 27.00 27.10 30.00 161.50 26.92 
U18 22.10 26.80 25.00 28.20 27.30 31.00 160.40 26.73 
U19 21.00 27.70 27.00 27.00 30.00 30.00 162.70 27.12 
U20 20.00 29.00 28.10 26.90 28.50 31.00 163.50 27.25 
U21 21.00 28.00 29.10 27.00 28.70 32.00 165.80 27.63 
U22 19.00 24.00 24.41 28.00 23.40 30.60 149.41 24.90 
U23 20.00 25.00 26.60 28.10 30.80 30.00 160.50 26.75 
U24 21.00 26.20 25.90 29.00 30.80 30.00 162.90 27.15 
U25 19.00 25.00 26.00 28.00 27.50 32.80 158.30 26.38 
U26 20.00 24.00 27.00 29.00 26.60 31.10 157.70 26.28 
U27 22.00 25.00 25.20 28.00 28.30 30.00 158.50 26.42 
U28 19.00 26.00 26.10 27.70 29.80 29.00 157.60 26.27 
U29 21.00 27.00 27.00 28.20 31.40 28.00 162.60 27.10 




First experiment: task performing scores (experimental condition)  
MMC Task scores  
 Easy Task Moderate Task Difficult Task 
Users RGN1 RCL1 RGN3 RCL3 RGN5 RCL5 
U1 1 1 1 0 1 1 
U2 1 1 1 1 1 1 
U3 1 1 1 1 0 1 
U4 1 1 1 1 1 0 
U5 1 1 0 1 1 1 
U6 1 1 1 1 1 0 
U7 1 1 1 1 1 0 
U8 1 1 1 1 1 1 
U9 1 1 1 1 1 1 
U10 1 1 1 1 0 0 
U11 1 1 1 1 1 1 
U12 1 0 1 0 1 1 
U13 1 1 1 1 1 0 
U14 1 1 1 1 1 1 
U15 1 1 1 1 0 0 
U16 1 1 1 1 1 1 
U17 1 1 1 1 0 1 
U18 1 1 1 1 1 0 
U19 1 1 0 1 1 1 
U20 0 1 1 0 1 1 
U21 1 1 1 1 1 0 
U22 1 1 1 1 1 1 
U23 1 1 1 1 0 1 
U24 1 1 0 1 1 1 
U25 1 1 1 1 0 0 
U26 1 1 1 1 1 1 
U27 1 1 1 1 0 1 
U28 1 1 1 1 1 0 
U29 1 1 1 1 0 1 






First experiment: task performing scores (control condition). 
 NMMC  task scores 
Users Easy Task Moderate Task Difficult Task 
RGN2 RCL2 RGN4 RCL4 RGN6 RCL6 
U1 1 1 1 1 1 1 
U2 1 1 1 1 0 0 
U3 1 1 0 0 1 0 
U4 1 1 1 1 1 0 
U5 0 1 1 0 0 0 
U6 1 0 1 1 0 0 
U7 1 1 1 0 1 0 
U8 1 1 0 1 1 1 
U9 1 1 1 1 0 1 
U10 1 1 1 0 0 0 
U11 1 1 0 0 1 0 
U12 1 1 1 1 0 0 
U13 1 1 1 0 1 0 
U14 1 1 0 1 1 0 
U15 1 0 0 0 0 0 
U16 0 1 1 1 0 1 
U17 1 1 1 0 0 0 
U18 1 1 1 0 1 1 
U19 1 1 0 1 0 0 
U20 1 1 1 0 0 0 
U21 1 0 0 0 0 0 
U22 1 1 1 1 0 1 
U23 1 1 1 0 1 0 
U24 1 1 1 1 0 0 
U25 1 1 0 1 1 0 
U26 1 1 1 1 1 1 
U27 1 1 0 1 0 0 
U28 1 1 1 1 1 1 
U29 1 0 0 1 0 0 


















First experiment: user experience measurements data 
 User experience data 
 Pair of words NMMC MMC 
PQ Technical - Human -1.63 0.77 
Complicated - Simple 1.50 1.20 
Impractical - Practical 1.20 1.63 
cumbersome - Straightforward 1.03 1.30 
Unpredictable - Predictable 0.67 0.93 
Confusing - Clear 0.70 1.57 






Isolating-Connective -0.73 1.47 
Unprofessional-Professional -0.97 1.90 
Tacky-Stylish -1.03 1.87 
Cheap-Premium -0.93 2.27 
Alienating-Integrating -0.83 1.67 
Separates me-Brings me closer -0.57 0.97 






Conventional-Inventing -2.23 2.00 
Unimaginative-Creative -0.50 2.23 
Cautious-Bold -0.43 1.40 
Conservative-Innovative -1.63 2.37 
Dull-Captivating -0.93 2.13 
Undemanding-Challenging -0.80 1.47 






Unpleasant-Pleasant -0.03 2.37 
Ugly-Attractive -0.97 2.33 
Disagreeable-Likable -0.43 2.10 
Rejecting-Inviting -0.53 2.07 
Bad - Good 0.70 2.13 
Repelling - Appealing -0.80 1.90 








First experiment: users affective state SAM (valence, arousal and dominance) data 
 SAM Results   
Conditions MMC (Experimental condition) NMMC (Control condition) 
 Users Valence Arousal Dominance Valence Arousal Domination 
U1 7 8 9 5 6 4 
U2 8 8 8 5 5 5 
U3 8 7 8 5 6 7 
U4 7 8 7 5 8 7 
U5 8 7 7 4 6 6 
U6 8 6 8 5 4 5 
U7 7 6 7 5 5 7 
U8 7 7 8 4 4 5 
U9 8 8 8 5 6 6 
U10 7 5 7 3 6 5 
U11 7 6 7 4 3 5 
U12 8 8 8 5 6 7 
U13 7 7 8 5 6 5 
U14 6 5 5 5 5 5 
U15 7 7 7 5 6 6 
U16 7 7 8 5 7 7 
U17 8 6 7 5 5 7 
U18 6 6 6 4 7 6 
U19 5 5 5 2 6 5 
U20 8 7 8 5 4 7 
U21 7 7 7 5 6 5 
U22 7 6 7 4 6 5 
U23 7 7 7 4 4 6 
U24 6 6 6 5 6 6 
U25 7 6 8 6 6 7 
U26 7 5 6 2 6 6 
U27 8 7 7 4 6 6 
U28 8 8 8 6 6 5 
U29 6 5 6 3 7 4 







First experiment: users affective state, biofeedback data 
Skin conductance and temperature 
  
Users 
MMC (Experimental condition) NMMC (Control condition) 
SKT SC SKT  SC 
U1 32.805 4.084 33.473 3.514 
U2 29.315 0.734 29.617 0.809 
U3 31.611 6.069 32.076 5.724 
U4 31.754 4.345 32.839 3.121 
U5 30.600 1.214 32.395 1.075 
U6 29.394 2.994 32.689 2.563 
U7 32.602 0.228 33.203 0.193 
U8 28.928 0.792 26.869 0.768 
U9 30.329 0.168 31.115 0.124 
U10 30.435 0.714 29.948 0.670 
U11 29.668 3.151 30.342 2.505 
U12 32.348 2.832 32.899 2.361 
U13 30.259 13.351 30.775 11.917 
U14 31.820 3.296 31.841 2.187 
U15 28.437 1.503 28.584 1.226 
U16 33.197 8.397 33.031 4.961 
U17 28.227 3.751 28.875 2.339 
U18 32.743 3.009 33.384 1.921 
U19 32.427 3.741 32.528 2.820 
U20 31.510 4.061 31.238 3.642 
U21 29.985 0.868 30.228 0.621 
U22 24.372 4.418 24.682 3.868 
U23 32.636 0.258 32.845 0.233 
U24 32.393 0.361 32.258 0.339 
U25 28.062 1.067 28.522 1.028 
U26 31.464 0.994 31.238 0.943 
U27 29.357 1.218 30.702 0.606 
U28 29.183 1.596 31.198 0.416 
U29 32.351 1.394 32.196 1.381 
U30 30.131 2.034 30.740 2.004 
































































































































U1 146.88 320.00 22.19 23.28 24.20 23.22 20.22 21.64 22.44 21.43 157.19 624.07 123.98
U2 120.96 335.00 22.44 20.18 22.25 21.62 18.46 18.31 20.15 18.97 143.41 599.37 110.19
U3 216.86 345.00 21.14 24.59 23.19 22.97 17.54 23.34 21.08 20.65 153.85 715.71 136.59
U4 103.68 315.00 18.58 19.56 21.46 19.87 18.13 18.37 22.56 19.69 138.54 557.22 104.58
U5 138.24 323.00 19.54 22.02 23.50 21.69 17.30 19.49 23.58 20.13 147.12 608.36 112.67
U6 121.82 314.00 22.23 25.56 26.12 24.63 20.33 23.56 24.55 22.81 166.98 602.80 116.19
U7 155.52 330.00 24.45 24.31 26.09 24.95 19.02 21.51 23.48 21.34 163.81 649.33 151.59
U8 170.88 345.00 22.27 24.59 25.47 24.11 20.26 22.19 22.12 21.52 161.01 676.89 127.49
U9 122.69 340.00 19.29 23.38 25.16 22.61 19.13 20.25 22.51 20.63 152.33 615.02 111.59
U10 190.08 300.00 21.39 22.12 25.03 22.84 19.06 20.34 23.00 20.80 153.78 643.86 116.86
U11 164.16 350.00 22.54 22.27 24.22 23.01 20.18 21.49 24.01 21.89 157.72 671.88 120.26
U12 156.38 300.00 20.18 21.34 22.48 21.33 17.23 19.03 21.17 19.14 142.75 599.14 111.83
U13 147.00 320.00 21.03 23.06 24.32 22.80 20.40 21.05 22.16 21.20 154.82 621.82 117.70
U14 138.24 350.00 19.49 21.22 23.01 21.24 17.19 21.30 22.04 20.17 145.50 633.74 118.17
U15 142.56 335.00 20.39 21.41 22.44 21.41 18.28 19.02 21.44 19.58 144.38 621.94 117.00
U16 122.69 345.00 24.09 25.17 26.16 25.14 18.41 20.14 23.17 20.58 162.29 629.98 117.82
U17 104.54 340.00 18.14 23.59 24.25 21.99 17.25 19.46 23.59 20.10 148.27 592.82 111.50
U18 132.45 332.00 18.45 21.09 23.46 21.00 16.13 18.09 20.32 18.18 138.54 602.99 109.89
U19 105.43 290.00 17.55 22.18 23.30 21.01 15.38 20.18 21.28 18.95 140.88 536.31 100.71
U20 157.42 300.00 17.15 24.48 24.18 21.94 16.13 18.40 20.50 18.34 142.78 600.20 109.90
U21 147.83 328.00 19.08 22.50 26.25 22.61 16.42 20.27 20.09 18.93 147.22 623.05 114.71
U22 147.00 331.00 20.19 22.18 22.35 21.57 19.54 20.14 22.26 20.65 148.23 626.23 116.90
U23 147.00 322.00 18.29 23.18 25.60 22.35 17.25 18.26 23.13 19.55 148.06 617.06 113.81
U24 160.70 301.00 20.57 22.00 24.31 22.29 18.08 21.49 22.27 20.62 151.02 612.72 114.69
U25 172.80 311.00 19.28 21.42 25.44 22.05 20.26 19.58 23.43 21.09 151.44 635.24 119.44
U26 164.16 290.00 21.32 23.13 24.23 22.90 20.36 21.12 24.12 21.87 157.18 611.34 116.56
U27 171.88 360.00 19.17 21.21 24.24 21.54 18.57 19.13 20.36 19.35 144.22 676.10 149.33
U28 139.97 335.00 22.46 23.30 25.12 23.63 17.07 21.30 24.44 20.94 157.32 632.29 120.00
U29 170.21 380.00 21.34 22.34 26.20 23.29 19.11 20.49 22.01 20.54 154.77 704.98 138.88








































































































































U1 140 295 16.67 17.24 18.32 17.41 15.27 19.25 21.50 18.67 125.65 560.65 111.20
U2 120 300 16.88 18.91 19.83 18.54 17.49 18.11 20.34 18.65 130.11 550.11 110.48
U3 201 290 19.32 21.88 22.46 21.22 17.50 18.33 20.79 18.87 141.50 632.50 124.39
U4 109 285 15.71 17.80 18.37 17.29 14.45 19.35 20.24 18.01 123.21 517.21 104.25
U5 153 290 18.30 17.38 19.04 18.24 17.03 18.04 20.92 18.66 128.97 571.97 113.40
U6 132 283 18.88 20.72 21.02 20.21 16.53 17.05 19.20 17.59 133.61 548.61 110.40
U7 150 292 18.13 19.82 21.33 19.76 18.05 18.35 19.49 18.63 134.94 576.94 115.17
U8 160 295 16.82 17.02 18.40 17.41 17.71 20.03 21.43 19.72 128.83 583.83 115.57
U9 133 293 17.86 19.00 21.90 19.59 15.42 18.45 19.52 17.80 131.73 557.73 111.46
U10 166 293 18.55 20.14 21.15 19.94 16.20 17.73 21.59 18.51 135.30 594.30 117.65
U11 161 287 16.73 19.37 18.80 18.30 15.29 16.00 17.36 16.22 121.85 569.85 110.70
U12 152 290 17.06 17.50 21.54 18.70 16.29 17.25 18.57 17.37 126.93 568.93 112.01
U13 140 280 17.58 19.46 20.86 19.30 14.71 17.69 19.55 17.32 129.15 549.15 109.55
U14 135 284 18.05 20.41 20.55 19.67 16.51 17.33 20.33 18.06 132.86 551.86 110.94
U15 140 302 18.94 20.59 22.20 20.57 16.50 18.29 20.14 18.31 137.23 579.23 115.75
U16 110 291 18.91 19.94 20.60 19.82 18.65 19.67 20.67 19.66 138.26 539.26 110.86
U17 120 294 18.64 19.52 21.82 19.99 17.14 18.92 19.56 18.54 135.60 549.60 111.34
U18 130 292 17.53 18.22 20.33 18.69 15.86 19.02 21.73 18.87 131.40 553.40 111.28
U19 105 285 18.96 19.01 19.28 19.09 17.42 19.19 21.39 19.33 134.34 524.34 107.87
U20 155 289 20.60 21.00 23.15 21.59 15.22 16.51 18.11 16.61 136.19 580.19 114.92
U21 142 297 18.66 21.35 22.45 20.82 16.23 17.05 20.90 18.06 137.48 576.48 115.29
U22 141 300 19.74 21.36 23.55 21.55 15.64 17.45 19.61 17.57 138.91 579.91 115.80
U23 140 290 19.82 19.35 22.99 20.72 16.10 16.56 21.37 18.01 136.90 566.90 113.79
U24 160 295 18.05 19.13 23.48 20.22 18.97 19.48 20.80 19.75 140.13 595.13 119.21
U25 164 279 17.77 18.44 19.90 18.70 15.14 18.75 21.42 18.44 130.13 573.13 113.67
U26 160 284 18.54 19.00 20.28 19.27 15.38 16.96 18.55 16.97 127.99 571.99 112.45
U27 168 290 17.01 18.31 22.98 19.43 16.89 17.17 18.92 17.66 130.70 588.70 115.64
U28 141 302 17.29 18.78 23.47 19.84 16.56 19.08 20.64 18.76 135.65 578.65 115.60
U29 163 300 18.04 21.25 21.32 20.20 16.39 18.06 21.04 18.50 136.30 599.30 118.54



































































































































U1 165.60 320.00 19.23 21.68 24.05 21.65 19.02 19.43 23.03 20.49 148.09 633.68 126.49
U2 138.68 268.00 20.54 22.46 23.64 22.22 20.06 20.74 21.55 20.78 151.22 557.89 116.35
U3 232.58 298.00 18.70 19.70 21.40 19.93 18.15 19.94 20.85 19.65 138.68 669.26 129.49
U4 179.00 305.00 17.67 20.14 21.66 19.83 20.05 20.34 20.34 20.24 140.03 624.03 123.55
U5 153.30 285.00 17.57 20.26 24.59 20.81 17.78 20.73 21.33 19.95 143.06 581.37 117.86
U6 139.89 310.00 20.40 21.66 24.99 22.35 17.81 20.48 24.05 20.78 151.75 601.63 122.69
U7 175.58 262.00 20.22 21.75 25.82 22.60 16.98 18.40 21.71 19.03 147.47 585.06 118.75
U8 188.94 297.00 18.58 20.94 21.40 20.31 17.76 19.46 21.08 19.43 139.52 625.46 123.29
U9 137.75 271.00 18.29 22.15 22.55 21.00 17.06 20.08 23.04 20.06 144.17 552.92 114.05
U10 207.14 285.00 20.20 20.86 22.61 21.22 16.81 19.65 23.75 20.07 145.10 637.24 126.26
U11 182.22 261.00 19.22 20.60 22.11 20.64 16.80 20.37 21.39 19.52 141.13 584.36 117.74
U12 176.45 288.00 18.89 22.72 23.40 21.67 18.75 18.94 20.31 19.33 144.67 609.12 121.83
U13 168.00 274.00 21.36 21.78 22.77 21.97 18.59 19.66 22.03 20.10 148.17 590.17 120.10
U14 153.30 301.00 17.66 19.64 21.87 19.72 16.46 20.34 23.05 19.95 138.75 593.05 118.76
U15 159.49 319.00 19.29 21.70 23.74 21.58 17.73 18.99 20.31 19.01 143.34 621.82 123.25
U16 143.61 273.00 21.28 20.03 22.70 21.33 18.25 20.36 21.51 20.04 145.45 562.07 115.57
U17 119.47 303.00 17.17 21.42 24.43 21.00 17.62 19.34 22.77 19.91 143.75 566.22 115.80
U18 144.90 297.00 15.16 21.56 22.68 19.80 17.64 18.84 20.27 18.92 135.95 577.84 115.61
U19 160.00 280.00 16.65 21.43 24.53 20.87 19.51 19.28 22.06 20.29 144.35 584.35 118.67
U20 173.08 305.00 17.78 22.55 21.21 20.52 17.21 18.63 22.33 19.39 140.24 618.31 122.38
U21 165.48 272.00 19.00 22.88 21.97 21.28 17.82 20.76 20.45 19.68 144.15 581.64 117.97
U22 160.88 256.00 23.50 20.50 21.49 21.83 18.30 18.38 20.67 19.12 144.67 561.55 114.93
U23 164.00 261.00 18.14 20.66 22.81 20.54 16.94 20.65 23.38 20.32 143.12 568.12 116.15
U24 179.36 295.00 20.54 21.26 23.76 21.86 17.21 20.91 21.29 19.80 146.83 621.19 124.16
U25 194.45 305.00 22.92 22.09 25.95 23.66 19.81 20.85 21.85 20.84 157.14 656.60 131.54
U26 183.81 260.00 21.36 22.23 23.24 22.28 19.86 18.43 22.78 20.36 150.17 593.99 121.12
U27 194.53 321.00 21.53 21.87 23.45 22.28 18.61 20.99 23.14 20.92 151.88 667.42 132.18
U28 162.62 299.00 20.47 21.03 24.70 22.07 18.85 21.19 23.01 21.02 151.31 612.93 124.34
U29 191.86 280.00 22.58 23.33 25.79 23.90 16.65 21.05 20.39 19.36 153.67 625.53 125.79








































































































































U1 140 352 22.35 21.35 25.04 22.91 19.33 20.63 23.79 21.25 155.41 647.41 130.11
U2 120 352 22.25 22.37 23.46 22.69 20.67 21.58 20.20 20.82 153.21 625.21 126.34
U3 201 395 20.46 24.32 24.02 22.93 22.63 19.36 24.04 22.01 157.78 753.78 146.08
U4 109 310 19.04 22.63 25.55 22.40 16.18 19.64 21.04 18.95 146.47 565.47 115.74
U5 153 351 20.13 23.21 25.37 22.90 22.10 20.93 22.19 21.74 156.83 660.83 132.50
U6 132 335 23.09 22.42 23.86 23.12 17.69 18.14 23.14 19.66 151.46 618.46 124.53
U7 150 341 22.41 24.22 23.82 23.48 21.17 22.28 22.17 21.88 159.57 650.57 131.59
U8 160 340 23.15 23.02 23.03 23.07 21.03 21.30 21.60 21.31 156.19 656.19 131.53
U9 133 335 20.17 21.92 24.98 22.36 17.79 21.76 23.92 21.16 152.90 620.90 125.83
U10 166 350 20.65 25.00 25.68 23.78 18.75 22.37 23.77 21.63 159.99 675.99 135.18
U11 161 390 21.44 22.61 23.75 22.60 19.54 19.68 20.03 19.75 149.65 700.65 135.99
U12 152 335 23.54 24.70 24.04 24.09 17.08 22.43 22.45 20.65 158.33 645.33 130.05
U13 140 345 22.10 24.12 26.17 24.13 16.54 21.49 20.06 19.36 154.61 639.61 127.97
U14 135 321 20.95 22.03 23.24 22.07 16.70 18.84 23.37 19.64 147.21 603.21 121.58
U15 140 324 20.33 23.46 24.60 22.80 18.32 22.63 21.35 20.77 153.49 617.49 125.27
U16 110 331 21.54 23.89 24.61 23.35 18.77 22.76 22.00 21.18 156.93 597.93 123.27
U17 120 345 20.47 23.50 25.73 23.23 19.65 20.22 24.62 21.50 157.41 622.41 127.01
U18 130 333 19.02 24.41 24.22 22.55 16.71 22.52 23.86 21.03 153.28 616.28 125.18
U19 105 321 18.50 22.05 26.20 22.25 17.42 22.02 22.42 20.62 150.85 577.28 118.98
U20 155 323 18.13 24.83 25.27 22.75 18.32 20.17 21.27 19.92 150.74 628.74 125.99
U21 142 312 20.39 21.10 25.80 22.43 18.05 20.79 20.11 19.65 148.67 602.67 121.77
U22 141 335 23.64 21.50 26.04 23.73 17.72 20.21 20.51 19.48 153.35 629.35 126.33
U23 140 333 20.18 21.84 25.02 22.35 17.39 18.89 20.78 19.02 146.45 619.45 123.47
U24 160 355 20.80 22.73 23.84 22.46 15.86 19.81 24.31 19.99 149.81 664.81 131.01
U25 164 331 22.49 23.42 23.05 22.99 15.97 22.14 22.64 20.25 152.70 647.70 129.20
U26 160 330 20.18 24.53 26.70 23.81 14.18 19.38 23.42 18.99 152.21 642.21 127.74
U27 168 333 22.23 24.89 25.48 24.20 17.44 19.77 21.38 19.53 155.40 656.40 130.59
U28 141 324 21.09 23.60 26.80 23.83 18.65 19.25 23.82 20.57 157.04 622.04 126.46
U29 163 352 23.52 23.44 24.55 23.84 20.45 20.19 21.61 20.75 157.60 672.60 133.86








































































































































U1 125.88 332.25 19.29 19.16 22.48 20.31 18.15 18.61 20.38 19.04 138.38 596.51 118.77
U2 110.83 333.04 20.17 21.87 22.24 21.43 18.61 19.81 22.80 20.41 146.94 590.81 120.12
U3 129.04 324.33 20.91 21.87 22.91 21.90 20.14 18.80 19.36 19.43 145.89 599.26 120.68
U4 98.96 335.42 20.04 22.67 24.38 22.36 17.82 19.10 20.74 19.22 147.11 581.48 118.26
U5 138.54 328.29 17.90 21.93 21.04 20.29 17.57 17.92 22.75 19.42 139.41 606.24 120.51
U6 117.96 344.13 17.81 20.74 23.18 20.58 14.99 16.97 22.07 18.01 136.34 598.43 118.20
U7 135.38 327.50 19.19 20.99 24.36 21.51 17.14 18.29 21.84 19.09 143.33 606.20 121.06
U8 127.46 321.17 18.09 21.08 24.14 21.10 16.91 18.82 22.31 19.34 142.45 591.08 118.86
U9 118.75 337.79 19.59 20.93 23.04 21.19 19.15 20.47 21.25 20.29 145.62 602.16 121.45
U10 138.54 339.38 19.07 20.89 24.94 21.63 16.21 18.58 19.77 18.19 141.10 619.01 122.07
U11 142.50 303.75 18.50 20.99 21.05 20.18 16.59 18.29 19.65 18.18 135.25 581.50 115.66
U12 133.79 311.67 19.31 20.26 24.97 21.51 16.15 17.78 22.45 18.79 142.42 587.88 118.14
U13 123.50 335.42 18.45 21.56 23.91 21.31 15.38 17.19 19.82 17.47 137.63 596.55 117.91
U14 119.54 324.33 15.66 20.89 23.57 20.04 17.63 18.57 21.15 19.11 137.50 581.38 116.48
U15 125.08 303.75 19.18 20.15 24.32 21.21 16.46 19.83 21.61 19.30 142.75 571.58 116.11
U16 101.33 318.79 19.07 19.86 23.87 20.93 15.87 19.58 19.71 18.38 138.89 559.02 113.20
U17 110.04 311.67 17.81 22.32 22.32 20.82 17.25 19.30 22.71 19.75 142.53 564.24 115.23
U18 115.58 297.42 15.60 21.30 22.12 19.67 15.01 17.56 19.68 17.42 130.95 543.95 109.18
U19 96.92 309.29 16.81 21.74 22.59 20.38 16.63 18.75 20.95 18.78 137.86 544.07 111.06
U20 136.96 315.63 19.33 21.87 22.55 21.25 15.43 16.80 22.59 18.27 139.82 592.41 118.08
U21 125.08 335.42 17.73 21.05 21.89 20.22 15.80 16.28 22.59 18.22 135.57 596.07 117.82
U22 125.08 297.42 17.43 21.48 21.73 20.21 16.45 19.41 20.03 18.63 136.74 559.24 112.96
U23 124.29 307.71 19.04 22.32 24.69 22.02 17.26 18.47 21.10 18.94 144.90 576.90 117.08
U24 138.54 296.63 19.24 19.79 21.74 20.26 16.55 19.32 22.13 19.33 139.02 574.19 115.83
U25 141.71 328.29 18.85 19.38 22.36 20.19 18.43 19.34 20.03 19.26 138.57 608.57 120.63
U26 137.75 309.29 18.03 21.91 21.85 20.60 16.75 19.38 22.22 19.45 140.75 587.79 118.14
U27 114.79 319.58 20.18 21.10 22.10 21.13 16.88 18.07 22.08 19.01 141.53 575.91 116.37
U28 125.88 328.29 16.81 19.29 22.93 19.68 20.41 19.01 21.46 20.29 139.59 593.76 119.17
U29 144.88 318.79 19.83 21.05 24.64 21.84 17.53 19.81 21.29 19.54 145.99 609.66 122.24































































































































U1 174 380.00 22.65 23.93 25.24 23.94 20.28 21.38 22.21 21.29 160 714 140.34
U2 169 315.00 21.23 22.84 23.12 22.40 18.85 19.01 22.06 19.97 150 634 126.47
U3 129 345.00 22.43 22.27 24.18 22.96 19.52 23.41 23.11 22.02 158 632 128.69
U4 121 295.00 19.49 22.03 23.68 21.73 21.87 22.95 23.70 22.84 155 571 120.00
U5 129 403.00 21.05 22.10 24.77 22.64 21.32 23.77 25.32 23.47 161 693 138.63
U6 120 394.00 22.72 24.84 26.92 24.83 20.55 23.62 25.18 23.12 169 683 138.38
U7 216 410.00 22.11 24.64 24.31 23.69 21.54 22.89 25.40 23.28 165 791 153.13
U8 231 355.00 21.50 22.67 25.14 23.10 18.40 19.93 23.78 20.71 155 741 143.00
U9 144 390.00 23.69 23.56 24.14 23.80 21.45 22.35 22.90 22.23 162 696 138.65
U10 134 380.00 23.03 24.90 24.22 24.05 19.90 20.15 23.74 21.26 160 674 134.73
U11 184 330.00 22.31 25.98 25.94 24.74 21.84 23.07 23.00 22.64 167 681 137.59
U12 134 380.00 21.48 23.67 23.38 22.84 21.05 22.69 25.93 23.22 161 675 135.97
U13 154 400.00 21.21 25.20 25.71 24.04 21.45 22.31 23.34 22.36 163 717 142.00
U14 184 330.00 22.03 23.19 23.41 22.88 20.32 22.68 23.12 22.04 158 672 134.33
U15 169 315.00 21.80 22.32 23.40 22.51 18.84 20.08 22.46 20.46 151 635 127.31
U16 179 325.00 24.25 25.31 24.77 24.78 19.60 19.46 23.06 20.71 161 665 133.44
U17 174 320.00 23.54 24.22 24.44 24.07 20.44 21.85 23.92 22.07 162 656 133.04
U18 166 312.00 21.25 23.36 25.79 23.47 19.82 19.68 23.36 20.96 157 635 128.39
U19 124 320.00 20.89 22.39 25.30 22.86 20.69 21.82 22.12 21.54 156 600 123.60
U20 134 380.00 22.43 24.02 24.33 23.59 21.25 23.87 24.11 23.08 164 678 136.73
U21 162 357.00 22.20 24.69 26.83 24.57 21.54 22.88 23.36 22.59 166 685 138.01
U22 165 351.00 20.91 21.84 24.86 22.54 18.55 20.41 24.47 21.14 154 670 132.90
U23 156 341.00 20.89 22.17 22.38 21.81 22.46 22.55 23.95 22.98 156 653 131.88
U24 135 340.00 18.80 22.84 22.79 21.48 18.29 21.44 23.00 20.91 149 624 125.34
U25 145 321.00 22.15 24.22 26.94 24.44 18.44 20.09 22.87 20.47 159 625 127.23
U26 124 325.00 22.74 25.73 24.21 24.23 18.73 19.95 22.75 20.48 158 607 124.54
U27 216 390.00 21.76 23.34 25.47 23.53 19.97 23.39 24.21 22.52 162 768 148.99
U28 141 340.00 22.51 23.38 25.55 23.81 19.72 20.48 23.14 21.11 159 640 129.50
U29 246 350.00 23.10 24.64 24.39 24.04 18.53 19.26 23.89 20.56 158 754 145.43











































U1 1 1 1 1 1 0 0.83
U2 1 1 1 1 0 1 0.83
U3 1 1 0 0 0 0 0.33
U4 0 1 1 1 1 0 0.67
U5 1 0 1 1 1 1 0.83
U6 0 1 0 1 1 1 0.67
U7 1 0 1 0 0 0 0.33
U8 0 0 0 1 1 0 0.33
U9 1 1 1 1 1 1 1.00
U10 1 0 1 0 1 0 0.50
U11 1 1 0 1 0 1 0.67
U12 1 0 1 0 1 1 0.67
U13 1 1 1 1 1 0 0.83
U14 0 0 0 0 0 0 0.00
U15 0 1 1 1 0 0 0.50
U16 1 0 0 1 0 1 0.50
U17 0 1 1 1 1 0 0.67
U18 1 0 0 0 0 1 0.33
U19 1 1 0 1 1 0 0.67
U20 1 0 1 1 0 1 0.67
U21 1 0 0 0 1 0 0.33
U22 1 0 0 1 0 0 0.33
U23 0 1 1 0 0 1 0.50
U24 0 1 0 1 1 0 0.50
U25 1 0 0 1 1 0 0.50
U26 1 1 1 1 1 1 1.00
U27 0 0 0 1 0 0 0.17
U28 1 1 0 0 0 1 0.50
U29 1 1 0 1 1 0 0.67




Second experiment: avatar condition recall and recognition task score 
 
 

































U1 1 1 0 1 1 1 0.83
U2 1 1 1 1 1 0 0.83
U3 1 0 1 1 1 1 0.83
U4 1 1 0 1 1 1 0.83
U5 1 0 1 1 1 0 0.67
U6 1 0 1 1 1 1 0.83
U7 1 1 1 1 1 0 0.83
U8 1 0 1 1 1 1 0.83
U9 1 1 0 1 0 1 0.67
U10 1 1 1 0 1 1 0.83
U11 1 1 1 1 1 1 1.00
U12 1 1 1 1 1 0 0.83
U13 1 0 1 1 1 1 0.83
U14 1 1 1 1 1 1 1.00
U15 1 1 1 1 1 0 0.83
U16 0 1 1 1 1 1 0.83
U17 1 1 1 0 0 0 0.50
U18 1 1 1 1 1 1 1.00
U19 1 1 0 1 1 1 0.83
U20 1 1 0 1 1 0 0.67
U21 1 1 1 1 1 1 1.00
U22 0 1 0 1 1 0 0.50
U23 1 1 1 1 0 1 0.83
U24 1 1 1 1 1 1 1.00
U25 1 1 1 1 0 0 0.67
U26 1 1 1 1 1 1 1.00
U27 1 1 0 1 1 1 0.83
U28 0 1 1 1 1 0 0.67
U29 1 1 1 1 0 1 0.83




Second experiment: earcons condition (recall and recognition task scores) 
 
 





































U1 1 1 0 0 0 1 0.50
U2 0 0 0 1 1 0 0.33
U3 0 0 1 1 0 0 0.33
U4 0 1 0 0 0 1 0.33
U5 0 0 0 1 1 0 0.33
U6 0 1 0 0 1 1 0.50
U7 1 0 0 0 0 0 0.17
U8 0 0 1 1 0 0 0.33
U9 1 1 0 1 0 0 0.50
U10 0 0 0 1 1 0 0.33
U11 1 0 0 1 1 1 0.67
U12 0 0 1 0 1 1 0.50
U13 0 1 0 1 1 0 0.50
U14 0 1 1 0 0 1 0.50
U15 1 1 0 1 1 0 0.67
U16 1 0 0 1 0 0 0.33
U17 1 0 0 1 0 0 0.33
U18 1 1 0 1 0 0 0.50
U19 1 0 1 0 1 0 0.50
U20 0 1 0 0 1 0 0.33
U21 1 0 0 0 0 1 0.33
U22 0 0 0 0 0 0 0.00
U23 1 1 0 1 0 0 0.50
U24 0 0 1 0 1 0 0.33
U25 1 1 0 1 1 0 0.67
U26 1 1 0 0 0 0 0.33
U27 1 0 0 0 1 1 0.50
U28 0 0 0 1 0 0 0.17
U29 1 0 1 1 0 0 0.50




Second experiment: classic music condition recall and recognition task score 
 
 





































U1 1 1 0 1 1 1 0.83
U2 1 1 1 1 1 0 0.83
U3 0 1 1 1 1 1 0.83
U4 0 0 0 1 1 1 0.50
U5 1 1 1 1 0 1 0.83
U6 1 1 0 1 1 1 0.83
U7 1 1 1 1 1 1 1.00
U8 0 1 0 1 1 1 0.67
U9 1 0 1 1 1 0 0.67
U10 1 0 0 0 1 0 0.33
U11 1 1 1 0 1 1 0.83
U12 1 0 1 1 1 1 0.83
U13 1 1 1 1 0 0 0.67
U14 1 1 1 0 1 1 0.83
U15 1 1 1 1 1 1 1.00
U16 1 1 0 1 0 1 0.67
U17 1 1 1 1 1 0 0.83
U18 1 1 1 1 0 1 0.83
U19 0 0 1 1 1 0 0.50
U20 1 1 1 1 0 1 0.83
U21 1 0 0 1 1 1 0.67
U22 0 1 1 1 1 1 0.83
U23 1 1 1 0 1 0 0.67
U24 1 1 0 1 0 1 0.67
U25 1 1 1 1 1 0 0.83
U26 1 0 0 1 1 1 0.67
U27 1 0 1 1 1 0 0.67
U28 1 1 0 1 0 1 0.67
U29 1 1 1 1 1 1 1.00




Second experiment: speech condition recall and recognition task scores 
 
 



































U1 1 1 1 1 1 0 0.83
U2 0 1 1 1 0 1 0.67
U3 1 1 1 1 0 1 0.83
U4 1 0 1 1 1 0 0.67
U5 1 1 0 1 0 1 0.67
U6 0 1 1 1 1 0 0.67
U7 1 1 0 0 1 1 0.67
U8 1 0 1 1 1 1 0.83
U9 1 1 0 1 1 1 0.83
U10 1 0 1 1 1 0 0.67
U11 1 1 0 1 0 1 0.67
U12 1 1 1 0 1 1 0.83
U13 1 1 0 1 1 1 0.83
U14 1 1 0 1 1 1 0.83
U15 1 1 1 1 1 1 1.00
U16 1 0 1 1 1 0 0.67
U17 1 1 1 1 1 1 1.00
U18 1 1 1 1 1 0 0.83
U19 1 1 0 1 1 1 0.83
U20 1 1 1 1 1 1 1.00
U21 0 1 1 1 0 1 0.67
U22 1 0 1 0 1 1 0.67
U23 0 1 1 1 1 1 0.83
U24 1 1 1 1 1 0 0.83
U25 1 1 0 0 1 1 0.67
U26 1 0 1 1 0 1 0.67
U27 1 1 1 0 1 1 0.83
U28 1 0 1 1 1 0 0.67
U29 0 1 1 1 1 1 0.83




Second experiment: nmmc condition recall and recognition task scores 
 
 

















































U1 1 1 1 1.00 0 1 0 0.33
U2 1 1 0 0.67 1 0 0 0.33
U3 1 1 0 0.67 1 1 1 1.00
U4 0 0 1 0.33 1 0 1 0.67
U5 1 1 1 1.00 1 1 1 1.00
U6 1 1 0 0.67 1 1 0 0.67
U7 1 1 1 1.00 1 0 1 0.67
U8 0 0 1 0.33 1 1 0 0.67
U9 0 1 1 0.67 1 1 1 1.00
U10 1 1 1 1.00 1 0 1 0.67
U11 1 1 1 1.00 1 1 0 0.67
U12 1 1 0 0.67 1 1 1 1.00
U13 0 0 1 0.33 0 1 0 0.33
U14 1 1 0 0.67 0 1 0 0.33
U15 0 0 1 0.33 1 1 1 1.00
U16 1 1 0 0.67 1 1 0 0.67
U17 0 0 1 0.33 1 1 1 1.00
U18 1 1 0 0.67 1 0 1 0.67
U19 1 1 0 0.67 1 1 1 1.00
U20 1 0 1 0.67 1 1 0 0.67
U21 1 0 1 0.67 0 0 1 0.33
U22 1 1 0 0.67 0 1 1 0.67
U23 1 0 1 0.67 1 1 0 0.67
U24 1 1 0 0.67 1 1 0 0.67
U25 1 1 0 0.67 1 0 1 0.67
U26 1 1 1 1.00 1 1 0 0.67
U27 1 1 0 0.67 1 0 1 0.67
U28 0 0 0 0.00 1 1 0 0.67
U29 1 1 1 1.00 0 1 1 0.67




Second experiment: auditory condition satisfaction statements 
 
 
Auditory Icons Satisfaction Statements
User S1 S2 S3 S4 S5 S6 S7 S8
U1 2 2 1 3 2 3 1 3
U2 2 2 1 2 2 3 1 2
U3 2 3 2 2 2 2 2 2
U4 3 3 3 3 2 3 1 3
U5 3 2 2 2 2 2 2 2
U6 2 2 1 2 2 3 2 3
U7 3 2 2 3 2 3 1 3
U8 3 2 2 2 2 2 1 2
U9 3 3 3 3 2 3 2 1
U10 2 3 2 2 2 2 1 3
U11 3 2 1 3 2 3 2 2
U12 3 3 2 2 2 3 2 3
U13 3 3 3 2 2 3 2 3
U14 3 3 2 2 2 3 1 2
U15 3 3 3 2 3 3 3 2
U16 3 2 2 2 2 3 1 3
U17 3 3 2 2 2 3 2 2
U18 3 2 3 2 2 3 2 2
U19 2 2 1 2 2 2 2 2
U20 3 3 2 2 2 3 2 2
U21 2 2 1 2 2 3 1 3
U22 3 3 3 2 1 3 1 2
U23 3 2 2 2 2 3 1 1
U24 3 3 3 2 2 3 1 3
U25 2 2 1 2 2 3 1 2
U26 3 2 3 2 2 2 2 2
U27 3 3 2 2 2 3 2 3
U28 2 3 2 2 3 3 2 3
U29 2 3 2 2 2 3 1 2








Avatar Condition Satisfaction Statements
User S1 S2 S3 S4 S5 S6 S7 S8
U1 4 3 3 3 3 3 3 3
U2 4 3 3 4 3 4 3 4
U3 4 4 4 3 3 3 2 3
U4 4 3 3 3 3 3 2 2
U5 3 3 3 4 4 4 3 4
U6 3 3 3 3 3 3 2 3
U7 3 3 3 3 3 3 2 3
U8 4 4 3 3 3 3 3 3
U9 3 3 3 3 3 4 3 3
U10 4 4 3 3 3 3 2 3
U11 4 3 3 4 3 4 3 3
U12 4 3 3 3 4 3 3 2
U13 4 4 3 3 3 4 3 3
U14 4 4 3 3 3 3 2 3
U15 4 4 4 3 3 3 3 3
U16 4 4 3 3 3 3 3 3
U17 3 3 3 3 3 4 3 3
U18 3 3 3 3 3 3 2 3
U19 3 3 3 4 4 4 3 4
U20 3 3 3 3 3 3 2 3
U21 4 4 3 3 3 4 3 3
U22 4 4 3 3 3 3 3 3
U23 4 4 3 4 3 3 2 3
U24 4 4 3 4 2 3 3 3
U25 3 3 3 3 3 3 2 3
U26 4 4 3 3 3 3 3 3
U27 4 4 3 4 4 4 3 3
U28 4 4 3 3 3 3 3 3
U29 4 4 3 4 2 3 3 3




Second experiment: earcons condition satisfaction statements 
 
 
Earcons Condition Satisfaction Statements
User S1 S2 S3 S4 S5 S6 S7 S8
U1 2 2 1 2 2 3 2 2
U2 2 3 1 1 1 3 3 2
U3 3 2 1 1 2 3 2 2
U4 2 3 1 2 1 3 1 2
U5 3 3 1 2 2 2 1 2
U6 3 3 1 2 1 3 2 1
U7 3 3 1 2 1 3 1 1
U8 2 2 2 1 2 3 2 3
U9 3 3 2 1 2 2 2 2
U10 3 2 2 2 1 3 1 2
U11 3 3 1 1 2 3 2 2
U12 2 2 1 2 2 3 1 2
U13 3 3 2 1 2 3 1 2
U14 3 3 2 2 2 3 2 2
U15 2 2 2 2 1 3 1 1
U16 3 2 1 2 1 3 1 1
U17 2 2 2 1 2 2 2 2
U18 3 2 2 2 2 2 1 1
U19 3 3 1 2 1 3 1 2
U20 3 3 1 2 2 3 2 2
U21 3 3 2 1 1 3 2 2
U22 2 3 1 2 1 3 2 1
U23 3 2 1 2 1 3 1 1
U24 3 3 2 2 1 3 2 3
U25 3 3 2 1 2 3 2 2
U26 3 3 1 2 1 3 2 2
U27 2 3 2 2 2 2 2 2
U28 3 3 2 1 1 3 2 2
U29 3 3 1 2 2 3 1 2




Second experiment: classic music condition satisfaction statements 
 
 
Classic Music Condition Satisfaction Satements
User S1 S2 S3 S4 S5 S6 S7 S8
U1 3 3 3 3 3 3 2 3
U2 3 3 3 3 3 3 3 3
U3 3 3 3 3 3 3 2 3
U4 3 3 3 3 3 2 2 3
U5 3 3 3 3 3 3 2 3
U6 3 3 3 2 3 3 2 3
U7 3 2 3 3 2 3 2 3
U8 3 3 3 3 3 3 2 3
U9 3 3 3 3 3 3 2 3
U10 3 3 3 3 3 3 2 3
U11 3 3 3 3 3 3 1 3
U12 3 3 3 3 3 3 2 3
U13 3 3 3 3 3 3 2 3
U14 3 3 3 3 3 3 2 3
U15 3 3 3 2 3 2 2 2
U16 3 3 3 3 3 3 1 3
U17 3 3 3 3 3 3 2 2
U18 3 2 3 3 3 3 2 3
U19 3 2 3 3 2 3 1 3
U20 3 3 3 3 3 3 2 3
U21 3 3 3 2 3 2 2 2
U22 3 2 3 3 2 3 2 3
U23 3 3 3 3 4 4 1 3
U24 3 2 3 3 2 3 2 3
U25 3 3 3 3 3 3 1 3
U26 3 3 3 3 3 3 2 3
U27 3 3 3 3 3 3 2 3
U28 3 2 3 3 3 3 2 3
U29 4 3 3 3 3 4 2 3




Second experiment: speech condition satisfaction statements 
 
 
Speech Condition Satisfaction Statements
User S1 S2 S3 S4 S5 S6 S7
U1 3 3 2 3 3 3 3
U2 4 3 3 3 3 3 2
U3 3 3 3 3 3 3 2
U4 3 3 3 3 3 3 1
U5 4 4 3 3 3 4 3
U6 3 3 3 3 3 3 1
U7 3 3 3 3 3 3 3
U8 3 3 3 3 3 3 3
U9 4 3 3 3 3 3 1
U10 3 3 3 3 3 3 2
U11 3 3 3 3 3 3 1
U12 3 2 3 3 3 2 1
U13 4 3 3 3 3 3 3
U14 3 3 3 3 3 3 2
U15 3 3 3 3 3 3 3
U16 3 3 3 3 3 3 2
U17 3 3 3 2 2 3 2
U18 3 3 3 3 2 2 1
U19 4 3 3 3 3 3 3
U20 3 3 3 3 2 3 2
U21 3 3 3 3 3 3 3
U22 4 3 3 3 3 3 2
U23 3 3 3 3 3 3 2
U24 3 3 3 3 3 3 2
U25 3 3 3 3 2 3 1
U26 3 2 3 3 3 3 3
U27 3 3 3 3 3 3 3
U28 3 3 3 3 3 3 2
U29 3 3 3 3 3 3 2








NMMC Condition Satisfaction Statements
User S1 S2 S3 S4 S5 S6 S7 S8
U1 3 3 3 3 2 3 1 2
U2 4 3 2 2 1 2 2 2
U3 3 2 3 2 2 3 1 2
U4 2 2 3 2 2 2 2 2
U5 3 3 2 3 3 3 2 3
U6 3 2 3 2 2 3 2 2
U7 3 3 3 2 2 2 1 2
U8 3 3 3 2 2 3 1 2
U9 3 3 2 2 2 3 1 2
U10 3 3 3 2 2 3 1 2
U11 3 2 3 3 3 3 2 3
U12 4 3 2 2 2 2 1 2
U13 2 3 3 2 3 3 1 2
U14 2 3 3 2 3 3 1 3
U15 2 2 3 2 2 2 2 2
U16 3 3 2 2 2 3 2 2
U17 3 3 2 2 2 3 1 2
U18 3 3 3 2 2 3 1 2
U19 3 3 3 2 3 2 1 3
U20 4 3 3 2 3 3 1 3
U21 3 3 3 2 3 2 1 3
U22 4 2 3 2 1 3 1 2
U23 3 3 3 2 3 2 1 2
U24 3 2 2 3 2 3 1 2
U25 3 2 2 2 2 2 2 2
U26 3 3 3 3 2 3 2 3
U27 4 2 2 3 3 3 2 3
U28 3 3 2 2 2 2 2 2
U29 2 3 3 2 2 2 1 2




Second experiment: user experience data 













































Technical - Human 0.40 1.77 -1.20 1.10 0.50 -0.77 
Complicated - Simple 0.57 2.10 -0.70 1.30 0.87 1.40 
Impractical - Practical 0.60 2.20 -0.56 1.00 0.93 1.47 
cumbersome- Straightforward 023 1.83 -1.03 1.23 0.33 1.33 
Unpredictable- Predictable 0.50 1.40 -0.40 1.03 0.17 1.10 
Confusing - Clear 0.50 1.87 -0.06 1.07 0.67 1.20 






Isolating-Connective 0.57 1.43 -0.33 1.20 0.90 -1.30 
Unprofessional-Professional 0.53 2.23 -0.20 0.93 1.03 -0.67 
Tacky-Stylish 0.40 2.33 -0.63 1.07 1.07 -0.73 
Cheap-Premium 0.53 2.43 -0.46 1.17 0.90 -0.93 
Alienating-Integrating 0.23 2.20 -0.73 0.97 0.67 -0.40 
Separates me-Brings me 
closer 
0.67 1.60 -0.83 0.40 0.20 -0.53 






Conventional-Inventing 0.73 2.37 0.13 0.93 0.63 -2.23 
Unimaginative-Creative 0.37 1.80 0.10 0.93 0.67 -0.53 
Cautious-Bold 0.63 2.00 -0.13 0.53 0.67 -0.83 
Conservative-Innovative 0.30 2.30 0.10 0.93 1.10 -1.97 
Dull-Captivating 0.33 2.27 -0.40 0.90 0.90 -1.57 
Undemanding-Challenging 0.37 1.43 0.03 0.77 0.37 -1.10 






Unpleasant-Pleasant 0.67 1.80 -0.80 1.13 1.03 -0.13 
Ugly-Attractive 0.80 2.37 -1.10 1.00 1.07 -157 
Disagreeable-Likable 0.53 2.13 -0.70 1.00 1.03 -0.60 
Rejecting-Inviting 0.53 2.13 -1.10 0.77 1.00 -23 
Bad - Good 0.37 2.13 -1.13 0.87 1.07 0.20 
Repelling - Appealing 0.47 1.80 -0.48 0.87 1.07 -0.43 















Second experiment: user affective state biofeedback (skin conductance) data 
EDA (µS) 
User Auditory  Avatar  Earcons  Music  Speech NMMC  
U1 3.900 4.937 4.498 3.577 4.192 2.243 
U2 1.745 2.917 2.233 2.220 2.220 1.402 
U3 3.165 5.690 5.902 2.343 1.875 1.838 
U4 15.940 15.877 15.948 16.204 16.228 14.505 
U5 5.125 5.101 5.718 4.680 4.682 3.642 
U6 5.939 6.113 5.830 5.557 5.825 3.710 
U7 12.191 13.637 12.980 11.876 12.470 10.722 
U8 12.366 12.501 13.606 10.817 12.014 9.615 
U9 6.870 7.605 7.587 6.306 6.594 4.732 
U10 14.756 14.742 15.421 13.106 10.106 9.502 
U11 11.850 12.918 12.910 11.773 9.899 8.337 
U12 3.917 5.790 4.671 2.508 3.068 1.680 
U13 10.744 12.700 11.764 11.024 13.044 10.108 
U14 4.803 5.093 5.222 4.676 4.714 3.843 
U15 12.534 12.905 12.641 11.030 12.300 10.366 
U16 0.750 0.801 0.727 0.658 0.713 0.418 
U17 0.574 0.704 0.751 0.587 0.564 0.256 
U18 0.376 0.676 0.379 0.355 0.340 0.091 
U19 7.614 9.750 9.433 6.781 8.046 7.554 
U20 0.646 0.763 0.726 0.564 0.601 0.370 
U21 10.257 11.584 13.715 13.142 13.040 10.738 
U22 6.954 9.378 8.346 6.463 7.275 5.616 
U23 12.436 13.212 14.782 14.353 12.242 11.748 
U24 8.156 8.580 8.382 8.802 7.184 6.267 
U25 14.644 14.298 16.461 15.930 15.817 14.172 
U26 3.602 3.727 3.801 3.658 3.713 3.558 
U27 11.190 12.625 12.964 11.875 12.470 10.720 
U28 10.533 10.507 12.631 12.029 12.300 10.383 
U29 4.225 5.376 5.937 3.577 4.287 2.700 







Second experiment: user affective state, biofeedback (skin temperature) data 
 Skin temperature ºC 
 
User Auditory  Avatar  Earcons  Music Speech NMMC  
U1 34.1375 33.8336 34.2217 34.1933 34.1925 34.1366 
U2 35.6654 35.5450 36.0105 35.7217 35.6950 35.7815 
U3 35.2144 35.0844 35.3431 35.2693 35.1911 35.2690 
U4 36.4132 36.1220 36.4145 36.4001 36.3147 36.3713 
U5 36.2790 36.5489 36.6053 36.3378 36.0285 36.4623 
U6 35.0840 35.3512 35.4761 35.2336 34.9391 35.2138 
U7 33.5446 33.7105 34.3431 33.9044 34.1469 34.4707 
U8 35.4120 35.0486 35.6247 35.4213 35.9549 35.5683 
U9 34.5826 34.2656 34.5487 34.5010 34.3690 34.3096 
U10 35.0861 35.5022 35.7822 35.2453 35.4536 35.6254 
U11 34.0141 34.0582 34.7245 33.8746 34.2493 34.3478 
U12 34.8253 35.3970 36.0627 34.5216 34.6522 34.8299 
U13 35.9065 34.8992 35.3482 34.9754 34.8597 34.7615 
U14 36.2756 36.5068 36.8423 36.5505 36.7682 36.7087 
U15 32.9788 33.2233 33.3638 33.4701 33.3710 33.2070 
U16 33.7596 34.5267 34.4754 33.2007 33.8753 33.4757 
U17 32.0735 32.6219 33.3953 32.0796 32.3928 32.4784 
U18 33.2378 32.9587 33.8347 33.3558 33.1578 33.4608 
U19 34.9128 34.3172 34.5913 34.4571 34.8216 34.7801 
U20 35.7931 35.2962 35.9683 35.4214 35.6148 35.2329 
U21 35.7931 35.7145 35.9683 35.4214 35.6148 35.2329 
U22 36.1595 36.7361 36.0673 35.7746 36.1718 35.0693 
U23 31.4774 31.2578 31.5203 31.4250 31.3028 31.3863 
U24 31.3869 31.0700 31.3376 31.4160 31.2098 31.2542 
U25 35.3175 35.1335 35.3775 35.2171 35.3587 35.3988 
U26 35.2285 35.6074 35.5913 34.4571 35.2676 32.5340 
U27 33.8446 33.7117 34.0318 33.9044 33.8726 33.7286 
U28 33.3788 33.2233 33.3973 33.4701 33.3591 33.3700 
U29 34.4689 34.1803 34.5440 33.8966 34.0933 34.4052 
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